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IA b s t r a c t
Two p a t h o g e n s  S e p t o r i a  p i s t a c i a r u m  and S.  p i s t a c i n a , 
c a u s i n g  l e a f  s p o t  d i s e a s e s  o f  P i s t a c h i o  ( P i s t a c i a  v e r a ) 
w e r e  s t u d i e d .  The m o r p h o l o g y  and u l t r a s t r u c t u r e  o f  t h e  
t wo  pathogelgih and a l s o  t h e  u l t r a s t r u c t u r e  of  t h e  h o s t -  
p a t h o g e n  i n t e r f a c e  we r e  i n v e s t i g a t e d .  The c o n i d i a  s p o r e s  
of  b o t h  p a t h o g e n s  w e r e  n a r r o w l y  e l o n g a t e  w i t h  s e v e r a l  
t r a n s v e r s e  s e p t a e  and e a c h  c e l l  c o n t a i n e d  one n u c l e u s .  
S p o r e  l e n g t h  and  c e l l  numbe r  we r e  p o s i t i v e l y  c o r r e l a t e d .  
S p o r e  g e r m i n a t i o n  was  shown i n  d e t a i l  i n  S.  p i s t a c i a r u m . 
S p o r e  g e r m i n a t i o n ,  i n i t i a l l y  an  i n c r e a s e  i n  v o l u me  f o l ­
l owe d  by an  i n c r e a s e  i n  l e n g t h  by c e l l  d i v i s i o n ,  and 
g e r m i n a t i o n  by t h e  p r o d u c t i o n  of  t w i n - p a i r s  o f  s e c o n d a r y  
s e p t a t e  s p o r e s  a n d / o r  h y p h a l  g e r m t u b e s .  A p a t t e r n  of  
c e l l  d i v i s i o n ,  p o l a r i t y  and g e r m i n a t i o n  was  e s t a b l i s h e d  
and an i n t e r a c t i v e  mode l  was  d e s c r i b e d .  The s p o r e  g r o w t h  
i n i t i a l l y  f o l l o w e d  l i n e a r  k i n e t i c s  and  t h e n  beca me  e x p o n ­
e n t i a l .  The p r o d u c t i o n  of  h y p h a l  t i p s  became  c o n t i n u o u s  
e x p o n e n t i a l  a t  t h e  same t i m e  and t h e  h y p h a l  g r o w t h  u n i t  
s t a b i l i s e d  a t  4 0 - 6 0  um.  The g e r m i n a t i o n  p a t t e r n  c o u l d  be 
a l t e r e d  by m a n i p u l a t i o n  of  t h e  n i t r o g e n  or  p h o s p h a t e  
s o u r c e  and  l e v e l s  i n  t h e  medi um.  I n  t h e  r e s t i n g  s p o r e  
t h e  w a l l  was  c o mp o s e d  of  t h r e e  l a y e r s  an  o u t e r  l a y e r  ( o )  
and  t wo  i n n e r  l a y e r s  and  1 ^ .  Each  p r i m a r y  s e p t u m  was 
a d u p l e x  l a y e r  d e r i v e d  f r o m  I  and w i t h  an i n t e r -  i 
m e d i a t e  e l e c t r o n  l u c e n t  l a y e r .  P e r f o r a t i o n  was s i m p l e  
w i t h  p a i r e d  Wo r o n i n  b o d i e s .  D u r i n g  i n c r e a s e  i n  l e n g t h
I I
t h e  d e v e l o p m e n t  of  new ( s e c o n d a r y )  s e p t a  s howe d  t h e  c r o s s ­
w a l l  m a t e r i a l  was d e r i v e d  f r o m  l a y e r  I ^  and  d e v e l o p m e n t  
was  c e n t r i p e t a l .  The g e r m - t u b e  w a l l  was  f o r m e d  f r o m  w a l l  
l a y e r  I ^  and  w a l l  l a y e r s  0 + 1 ^  we r e  d i s r u p t e d .  S e c o n ­
d a r y  s p o r e s  we r e  f o r m e d  e n t e r  o b l a s t i c a l l y .
S .  p i s t a c i a r u m  and S .  p i s t a c i n a  we r e  u s e d  i n  t h e  
u l t r a s t r u c t u r e  of  h o s t - p a t h o g e n  i n v e s t i g a t i o n ,  i n f e c t i o n  
of  t h e  h o s t  by S .  p i s t a c i a r u m  was by i n o c u l a t i o n  w i t h  
c o n i d i a  p r o d u c e d  on c u l t u r e  w h e r e a s  w i t h  S .  p i s t a c i n a  
i n o c u l a t i o n  was o b t a i n e d  f r o m  p r e v i o u s l y  i n f e c t e d  l e a v e s .  
The s p o r e s  g e r m i n a t e d  on t h e  l e a f  s u r f a c e  and  p e n e t r a t i o n  
was  made by f i n e  h y p h a e  t h r o u g h  t h e  s t o m a t a l  a p e r t u r e  i n  
b o t h  s p e c i e s ,  g r o w t h  of  p a t h o g e n  w i t h i n  t h e  l e a f  was 
l i m i t e d  t o  t h e  i n t e r c e l l u l a r  s p a c e s .  P e n e t r a t i o n  of  t h e  
h o s t  c e l l  w a l l  d i d  n o t  o c c u r .  The h y p h a e  we r e  a t t a c h e d  
t o  m e s o p h y l l  and  p a l i s a d e  c e l l s  by an  a c c u m u l a t i o n  of  
e x t r a - h y p h a l  s h e a t h i n g  m a t e r i a l .  The i n i t i a l  h o s t  r e s ­
p o n s e  t o  i n f e c t i o n  was  shown by an a c c u m u l a t i o n  of  
e l e c t r o n - d e n s e  m a t e r i a l  and  d i s r u p t i o n  of  t h e  t o n o p l a s t ,  
f o l l o w e d  by d i s r u p t i o n  of  c h l o r o p l a s t s  and  d i s o r g a n i s a t i o n  
of  t h e  h o s t  c e l l  c y t o p l a s m .  P y c n i d i a  we r e  p r o d u c e d  w i t h i n  
t h e  l e s i o n .  P y c n i d i a l  i n i t i a l s  we r e  f o r m e d  i n  s u b -  
s t o m a t a l  s p a c e s  and  s p o r e  t e n d r i l s  we r e  r e l e a s e d  on t h e  
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1 • 0  I n t r  od u c t  i o n
P i s t a c i a  i s  a g e n u s  o f  A n a c a r d i a c e u s  p l a n t s  c o m p r i s e d  of  
t r e e s  and  s h r u b s  w h i c h  e x u d e  t u r p e n t i n e  or  m a s t i c .
" P i s t a - c i a "  i s  d e r i v e d  i n d i r e c t l y  f r o m  " P e s t a "  w h i c h  i s  
an  o l d  P e r s i a n  ( I r a n i a n )  name f o r  P i s t a c h i o  ( B a i l e y  1 9 2 5 ) .
T h e r e  a r e  20  s p e c i e s  of  P i s t a c i a  ( t r e e s  or  s h r u b s )  w i l d  
o r  c u l t i v a t e d ,  d i s t r i b u t e d  f r o m  t h e  M e d i t e r r a n e a n  r e g i o n  t o  
A s i a ,  i n  Me x i c o  and  T e x a s .  On l y  one s p e c i e s  " P i s t a c i a  v e r a
L" i s  g r own  a s  a c o m m e r c i a l  c r o p  and  t h e  n u t  ' of  " P i s t a c h i o "
i s  t h e  o n l y  c o m m e r c i a l l y  a c c e p t a b l e  e d i b l e  n u t  o f  t h e  2 0  
s p e c i e s .  S e v e r a l  s p e c i e s  l i k e  P.  a t l a n t i c a  D e s f , P.  t e r e - 
b i n t h u s  L . , P .  c h i n e n s i s  Bu n g e ,  P.  m u t i c a  F i s h  & Mey, P^ . 
k h i n j i k , P .  l e n t i s c u s  L . ,  P.  i n t e g e r r i m a  S t e w a r d  h a ve  b e e n  
i n t r o d u c e d  a s  r o o t  s t o c k s  upon  wh i c h  t o  bud and  g r a f t  a s  
or  na me n t a l s .
I n  c o m p a r i s o n  w i t h  t h e  o t h e r  s p e c i e s  of  P i s t a c i a ,
P .  v e r a  L.  i s  known f o r  t h e  l a r g e  s i z e  and  s p o n t a n e o u s  
d e h i s c e n c e  o f  i t s  f r u i t s  ( W h i t e h o u s e  1 9 5 7 ) ,  P .  v e r a  i s  b o t h  
d e c i d u o u s  and d i o e c i o u s .  S h o o t  e x t e n s i o n  b e g i n s  a t  t h e  end  
o f  March and  t e r m i n a t e s  i n  l a t e  A p r i l  t o  mid May,  a. p i a n a t e l y  
compound  l e a f  a t  e a c h  node  s u b t e n d s  one  a x i l l a r y  b u d .
A P i s t a c h i o  t r e e  a f t e r  3 - 7  y e a r s  ( u n p u b l i s h e d  r e p o r t )  
u l t i m a t e l y  p r o d u c e s  a h e a v y  c r o p  one  y e a r ,  f o l l o w e d  by l i t t l e
or  none  t h e  n e x t .  The me c h a n i s m i n v o l v e d  i s  u n i q u e  i n
c o m p a r i s o n  w i t h  o t h e r  b i e n n i a l  f r u i t  and  n u t  b e a r i n g  t r e e s .
2
Bi e n n i a l  b e a r i n g  i n  o t h e r  s p e c i e s  i s  u s u a l l y  t h e  r e s u l t  of  
g r e a t l y  r e d u c e d  f l o w e r  bud f o r m a t i o n  d u r i n g  t h e  y e a r  o f  a 
h e a v y  c r o p .  I n  c o n t r a s t ,  i n  P i s t a c h i o  i t  i s  by i n f l o r e s c e n c e  
bud a b s c i s s i o n  i n  t h e  summer  d u r i n g  w h i c h  a h e a v y  c r o p  of  
n u t s  i s  p r o d u c e d  ( Wo o d r o o f  1 9 7 9 ) .  Bud a b s c i s s i o n  g e n e r a l l y  
b e g i n s  i n  l a t e  J u n e  and  i s  mos t  i n t e n s e  d u r i n g  J u l y  and  
A u g u s t  when s e e d  g r o w t h  and  d e v e l o p m e n t  a r e  mos t  r a p i d .  The 
d e g r e e  of  bud a b s c i s s i o n  ( i n  some i n s t a n c e s  a l m o s t  1 0 0 %) 
i n c r e a s e s  a s  t h e  number  of  n u t s  p e r  b r a n c h  i n c r e a s e s  ( C r a n e  
T 9 7 5 -  1 9 7 5 ') .
1 . 1  Wor l d  A r e a s  of  D i s t r i b u t i o n  and C u l t i v a t i o n .
P i s t a c h i o  i s  a v e r y  x e r o p h i l o u s  p l a n t  a b l e  t o  w i t h s t a n d  
g r e a t  d r y n e s s  of  s o i l  and  a i r  b u t  h u m i d i t y  i s  u n f a v o u r a b l e  
t o  i t s  d e v e l o p m e n t .  P i s t a c h i o  c a n  t o l e r a t e  c o l d  w i n t e r  
t e m p e r a t u r e s  of  1 7 . 8 ° C  ( K u s k a ,  U . S . S . R . )  and  h o t  summer  
t e m p e r a t u r e s  o f  4 2 . 2 ° C  ( i n  I r a n ) .  The b e s t  o r c h a r d s  i n  I r a n  
a r e  g r own  a t  a l t i t u d e s  o f  1 , 0 0 0  m. w i t h  r a i n f a l l  a v e r a g e s  of  
2 5 - 3 8  c m/ a n n u m and  a summer  t e m p e r a t u r e  of  3 7 . 5 ° C .  The 
P i s t a c h i o  t r e e  t h r i v e s  b e s t  i n  a r e a s  h a v i n g  a c o o l  w i n t e r  
f o r  b r e a k i n g  bud d o r ma n c y  and  a h o t  summer  f o r  m a t u r i n g  t h e  
n u t s .
I n  C e n t r a l  A s i a ,  P .  v e r a  L.  i s  n o t  g r own  a s  a c o m m e r c i a l  
p l a n t a t i o n  c r o p  b u t  o c c u r s  a s  a s p o r a d i c a l l y  d i s t r i b u t e d  
s p e c i e s .  I t  i s  w i d e s p r e a d  o v e r  S o u t h e r n  C e n t r a l  A s i a  i n  t h e  
l ow m o u n t a i n s  and  f o o t h i l l s  f r o m  t h e  C a s p i a n  S e a  ( K o p e t d a p h  
m o u n t a i n s )  up t o  F e r g a n a ,  t h e  r e g i o n  o f  T a s h k e n t  and  m o u n t a i n s  
o f  K a r a t a n .
The w i l d  P i s t a c h i o  g r o v e s  e x t e n d  i n t o  N o r t h e r n  
A f g a n i s t a n ,  b e y o n d  t h e  r i v e r  A mu - D a r i a  i n  t h e  low m o u n t a i n s  
o f  t h e  P a m i r - A l a i  ( W h i t e h o u s e  1 9 5 7 ) .  H i s t o r i c a l  r e c o r d s  show 
P i s t a c h i o s  g r o w i n g  i n  many p l a c e s  w h e r e  none  e x i s t  t o d a y .  The 
a g e  of  t h e  t r e e s  r a n g e d  f r o m  6 t o  2 4 0  y e a r s  (Popov 1 9 2 9 ) .
The c o m m e r c i a l  s p e c i e s  o f  P i s t a c h i o  P .  v e r a  L.  h a s  b e e n  
p l a n t e d  c o m m e r c i a l l y  f o r  h u n d r e d s  of  y e a r s  i n  I r a n ,  T u r k e y ,  
G r e e c e  a nd  S y r i a ,  and  i t  h a s  b e e n  i n t r o d u c e d  i n t o  E g y p t  f r o m  
S y r i a  a l o n g  t h e  M e d i t e r r a n e a n  c o a s t  b e t w e e n  A l e x a n d r i a  and  
t h e  L i b y a n  f r o n t i e r ;  and  i n t o  A u s t r i a ,  H u n g a r y ,  I t a l y ,  F r a n c e ,  
U . S . A .  a nd  A u s t r a l i a .  I n  t h e  U n i t e d  S t a t e s  of  A m e r i c a ,  
c u l t i v a t i o n  t e s t i n g  b e g a n  i n  1902 by t h e  U . S .  D e p a r t m e n t  of  
A g r i c u l t u r e  a t  C h i c a g o ,  C a l i f o r n i a  and  T e x a s ,  b u t  mos t  o f  t h e  
P i s t a c h i o  n u t s  c o n s u me d  i n  t h e  U . S . A .  we r e  i m p o r t e d  f r o m  o t h e r  
c o u n t r i e s  ( T a b l e  1 ) .
I n  I r a n ,  t h e  P i s t a c h i o  t r e e  h a s  b e e n  p l a n t e d  c o m m e r c i a l l y  
f o r  h u n d r e d s  o f  y e a r s  b u t  o n l y  i n  t h e  l a s t  s i x t y  or  s e v e n t y  
y e a r s  h a s  t h e r e  b e e n  r e c o g n i t i o n  o f  t h e  v a l u e  o f  t h e  n u t  a s  
an a g r i c u l t u r a l  c r o p  f o r  e x p o r t  w i t h  t h e  r a t e  o f  new p l a n t i n g s  
k e e p i n g  p a c e  w i t h  t h e  r a p i d  i n c r e a s e  i n  A m e r i c a n  c o n s u m p t i o n .  
The p r i n c i p a l  p r o d u c i n g  a r e a  i n  I r a n  i s  Ke r ma n ,  wh i c h  i s  
l o c a t e d  a l s o  i n  t h e  v i c i n i t y  o f  R a f s e n j a n ,  S i r j a n  and  G h a z u i n  
( Woodroof / )  and  Damghan i n  a p p r o x i m a t e l y  120  v i l l a g e s  s c a t t e r e d  
t h r o u g h  t h i s  l a r g e  f e r t i l e  v a l l e y  a b o u t  1 0 0  m i l e s  l o n g  and 
50 m i l e s  wi d e  ( W h i t e h o u s e  1 9 5 7 ) .
T u r k e y  i s  t o d a y  one o f  t h e  w o r l d ' s  l e a d i n g  p r o d u c e r s  of  
P i s t a c h i o  n u t s .  P i s t a c h i o  c u l t u r e  i n  T u r k e y  i s  c e n t e r e d  i n  
t h e  d r y ,  b a r r e n  f o o t h i l l s  and l o w e r  r a n g e s  o f  S o u t h e a s t  and
PISTACHIO N U T S
C o u n try  o f  
O rigin
Europe 
Ita ly  . . .  
O th er . .
T o ta l.
T a b l e  1
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'T h re e  year average, 1937-1939.
•E leven  m o n th s, S ep iem bcr-Ju ly .
•G reece .
•Israe l.
•Includes  3 to n s  from  Spain an d  2 to n s  from  Ita ly . 
•Inc ludes  113 tons  from  Syria an d  L eb an o n .
Source: U .S .  Foreign  A gr. Service. e x :  Woo d r o o f  [lV7?)
W e s t e r n  T u r k e y .  The p r i n c i p a l  p r o d u c e r s  a r e  t h e  v a l l e y s  
o f  G a z i a n t e p  and  U r f a ,  b u t  t h e r e  i s  some c u l t i v a t i o n  of  t h e  
c r o p  i n  e a s t e r n  S e y h a n ,  S o u t h e r n  M a r a s ,  M a l a t y a ,  D i y a r b a k i r ,  
N o r t h e r n  Ma r d i n  and  S i i r t .
I n  I t a l y  t h e  n u t  i s  g r own  i n  t h e  C a l a n i a  and  G i r g e n t i  
P r o v i n c e ,  C a r i n i  ( 2 0  m i l e s  f r o m  P a l e r m o ) .
S i c i l i a n  n u t s  a r e  r e p o r t e d  t o  be l a r g e r  a nd  g r e e n e r  and 
a r e  p a r t i c u l a r l y  e s t e e m e d  by c o n s u m e r s .  B r o n t e  e x p o r t s  more 
n u t s  t h a n  o t h e r  S i c i l i a n  p r o v i n c e s .  T h e r e  a r e  o r c h a r d s  n e a r  
t h e  mout h o f  t h e  Rhone  v a l l e y  i n  F r a n c e  and  i n  A u s t r a l i a  
(Bembower  1 9 5 6 ) .
1 . 2  C o m m e r c i a l  V a r i e t i e s  o f  P i s t a c h i o  N u t s .
P i s t a c h i o  n u t s  a r e  c l a s s i f i e d  i n  t h e  t r a d e  a c c o r d i n g  t o  
t h e i r  o r i g i n ,  e . g .  A f g h a n ,  I r a n i a n ,  S i c i l i a n ,  S y r i a n  or  
T u r k i s h .
I m p o r t e r s  p u r c h a s e  t h e i r  n u t s  i n  t h e  " n a t u r a l  s t a t e " ,  
g r a d i n g ,  p r o c e s s i n g  and  s e l l i n g  t h e m u n d e r  t h e i r  own b r a n d  
n a me s .  I r a n i a n  8 s t a r  C o l o s s a l ,  I r a n i a n  7 s t a r  G i a n t s ,
I t a l i a n  5 s t a r  E x t r a  J u mb o ,  T u r k i s h  4 s t a r  J umbo and  Af g h a n  
3 s t a r  Buds  a r e  t h e  b r a n d  names  of  one  New Yo r k  f i r m .  I r a n i a n  
G i a n t s  ( M o n a r c h ) ,  I r a n i a n  M i d g e t s  ( T u l i p ) ,  S i c i l i a n  ( R o y a l )  
a nd  S y r i a n  ( Cr own)  a r e  t h e  b r a n d s  of  a n o t h e r .
I r a n i a n  g r o w e r s  i n  R a f s e n j a m  a r e a  h a v e  b e e n  s e l e c t i n g  
a nd  na mi ng  some o f  t h e  b e s t  of  t h e i r  s e e d l i n g s .  The f o l l o w i n g  
a r e  some o f  t h e  b e t t e r  c u l t i v a r s  g r own  i n  I r a n  t o d a y :  I b r a h i m i  
Momt a z ,  Owh a d i ,  S a f e e d  Ag a h ,  K a l e h g h o u c h i .  Some o t h e r  l o c a l  names
f r o m  I r a n i a n  and  o t h e r  c o u n t r i e s  a r e  m e n t i o n e d  i n  T a b l e  
2 .
A new v a r i e t y  ( S i r o r a )  i s  b e i n g  d e v e l o p e d  i n  t h e  
U . S . A . ,  i t  o r i g i n a t e d  a s  a s e e d l i n g  f r o m  an o p e n - p o l l i n a t e d  
Red A l e p p o  p a r e n t  and t h e  name i s  d e r i v e d  f r o m  t h e  name 
C i s i r i o  and  a c r o n y m  of  Red A l e p p o  (Maggs  1 9 8 1 ) .
L o c a l  n a m e s ,  s h a p e  and  o r i g i n  of  P i s t a c h i o  n u t s  
T a b l e  2
IRAN
TURKEY
L o c a l  name s h a p e or  ig i n
Badami a l mo n d R a f s e n j a n
Chad i h a z e l n u t II
Momtaz a l mo n d II
B a d a m i - r  i z a l mo n d II
S h a h - P a s s a n d a l mo n d Damghan
J o w z i h a z e I n u t II
K h a n j a r  i a l mo n d II
N o g h l i h a z e l n u t II
K a l l e h p a z  i a l mo n d Ghazv i n
Uzum l o n g  and  p l ump
K i r m i z i r e d  h u l l e d
Red A l e p p o r e d  h u l l e d
SYRIA
Al e mi  
Ob i a d  
M i r h a r y  
Ac h o u r y  
Ay i mi
E l  B a l a u r y  
A i n t a b  
As h o o r  i
SICILY
T r a b o r e l l a  
B r o n t e  
S a n g u r g h a  
G i r a s o l a
G i r a s o l a  C a p p u e c i a  
B l a n c a  G i a r d i n o  
B i a n c o  R e g i n a  
Rappa  d i  S e s s a  
M i n n u l l i n a
G i a l l a  ( t h r e e  s t r a i n s )
U . S . A .
B r o n t e  
Red A l e p p o  
S a f a x
T r a b o n e l l a  
Damghan 
Kerman 
L a s s e n
C a l i f  or  n i a  
A l g e r  i a  , 
T u n i s i a
1.3.  Wi t h  t h e  c o m m e r c i a l  e x p l o i t a t i o n  of  P i s t a c h i o  i n  
t h e  U n i t e d  S t a t e s  and  A u s t r a l i a  t h e  l o s s  of  c r o p  due  t o  
p h y t o p a t h o g e n s  h a s  become of  i m m e d i a t e  i m p o r t a n c e .  I n  
t h e  Ol d  Wor l d  g r o w i n g  a r e a  a c o n s i d e r a b l e  number  of  
d i s e a s e s  h a v e  b e e n  r e p o r t e d  a s  p a t h o g e n s  of  P i s t a c h i o  
( T a b l e  3 ) .
I n  T u r k e y  ( Br e me r  19 5 4 )  and  G r e e c e  ( C h i t z a n d i s  1 956 )  
t h e  ma i n  d i s e a s e  l e a d i n g  t o  s e r i o u s  c r o p  l o s s  i s  a l e a f  
s p o t  c a u s e d  by S e p t o r  i a  S a c c .  s p p ,  a p y c n i d i a l  f u n g u s .
The d i s e a s e  S e p t o r i a  l e a f - s p o t  or  ' S e p t o r i o s i s  of  P i s t a c h i o '
( R i e u f  1 964 )  h a s  a l s o  b e e n  d e s c r i b e d  f r o m  Mo r o c c o  ( R i e u f
1 9 6 4 ) ,  T u n i s i a  ( C h a b r o l i n  1 9 3 5 ) ,  G r e e c e  ( S a r e j a n n i  1 9 3 5 ) ,
S i c i l y  ( C a r r a c c i o l o  1 9 3 4 ) ,  I t a l y  ( P u p V l l o  & Di  C a r o  1952 )
and  S y r i a  ( H a l l a g e  1 9 2 7 ) .  I n  I r a n  t h e  l e a f  s p o t  i s  p r e s e n t
b u t  d o e s  n o t  c a u s e  s e r i o u s  c r o p  l o s s  ( E r s h a d  p e r s .  comm) ;
h o we v e r  r e c e n t l y  s e v e r e  o u t b r e a k s  h a v e  b e e n  r e p o r t e d  i n
1972 and 1977 i n  T u r k e y  ( D i n e  e t  a l  1 9 7 9 )  and  a l s o  a s  a
new r e c o r d  i n  t h e  U n i t e d  S t a t e s  f r o m  Br ownwood,  T e x a s
wh e r e  s e v e r e  l e a f  s p o t t i n g  and  d e f o l i a t i o n  occui^ed  (Maas  e t  a l
1 9 7 1 ) .
The U n i t e d  S t a t e s  m a t e r i a l  o f  P i s t a c h i o  was  d e r i v e d  
f r o m  v a r i o u s  c u l t i v a t i o n s  f r o m  I r a n  and  i t  i s  p r o b a b l e  
t h a t  t h e  d i s e a s e  was  i n t r o d u c e d  a l o n g  w i t h  t h e  h o s t  p l a n t .  
F o r t u n a t e l y  t h e r e  h a v e  b e e n  no r e c o r d e d  o u t b r e a k s  i n  
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1.4.  The Genus  S e p t  o r i a  S a c c .
The f u n g a l  g e n u s  S e p t  or  i a  i s  a f o r m g e n u s  w i t h i n  t h e  
D e u t e r o m y c o t i n a  o r  F u n g i  i m p e r f e c t i .  The Deu t e r o m y c o t i n a  
c a n  be d i v i d e d  i n t o  t h r e e  l a r g e  c l a s s e s :  1 ) t h o s e  member s  
w i t h  s t e r i l e  m y c e l i a ,  t h e  A g o n o m y c e t e s ; 2)  t h o s e  w i t h  s p o r e s  
b o r n e  on f r e e  c o n i d i o p h o r e s  o r  m y c e l i u m ,  t h e  H y p h o m y c e t e s  
and 3) t h o s e  w i t h  s p o r e s  p r o d u c e d  w i t h i n  p y c n i d i a  or  a c e r v u l i ,  
t h e  C o e l o m y c e t e s .
D e u t e r o m y c o t i n a  ( D e u t e r o m y c e t e s ) = I m p e r f e c t i  F u n g i
A g o n o m y c e t e s  C o e l o m y c e t e s  H y p h o m y c e t e s  ( An a mo r p h )
( M y c e l i a  s t e r i l i a )
Asc o m y c e t e s Bas  i d  i o m y c e t e s ( T e l e o m o r p h )
( A i n s w o r t h  1977 )
The c o n i d i a  of  S e p t  or  i a  a r e  p r o d u c e d  w i t h i n  p y c n i d i a  t h u s  
S e p t o r  i a  i s  p l a c e d  i n  t h e  C o e l o m y c e t e s  ( S u t t o n  1 9 8 0 ) .
Some s p e c i e s  of  S e p t o r i a  r e p r e s e n t  t h e  c o n i d i a l  p h a s e  of
s p e c i e s  of  f u n g i  w i t h i n  t h e  C l a s s  L o c u l o a s c o m y c e t e s • The
L o c u l o a s c o m y c e t e s  f o r m  a l a r g e  n a t u r a l  c l a s s  w i t h i n  t h e  
E u a sc o m y c e te s  (Table "t)
en en 0
* en en ■o
ro ro p
p  m I—4 o
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The t e r m s  te leom orph  -  a n a mo r p h  and  h o l o m o r p h  we r e  
i n t r o d u c e d  by H e n n e b e r t  & We r e s u b  ( 1 9 7 7 ) .
Ho l omor ph  i s  a t e r m  w h i c h  c o v e r s  t h e  w h o l e  o r g a n i s m .  The 
c h a r a c t e r i s t i c  f o r m  t h a t  i s  i n v o l v e d  i n  p r o d u c i n g  m e i o t i c  
d i a s p o r e s  may be t e r m e d  t h e  te leo m o rp h  o r  p e r f e c t  s t a t e .  Thus  
i n  A s c o m y c e t e s  t h e  t e l o m o r p h  i s  t h e  a s c o c a r p  or  i t s  e q u i v a l e n t  
a t  m a t u r i t y  p r o d u c i n g  a s c i  and  a s c o s p o r e s .
The f o r m  c h a r a c t e r i s t i c  of  t h e  a s e x u a l  s t a t e  i . e .  
p r o d u c t i o n  of  t h e  m i t o t i c  d i a s p o r i c  e x p r e s s i o n  of  t h e  f u n g u s  
may be t e r m e d  t h e  a n a mo r p h  or  i m p e r f e c t  s t a t e .
The c o n v e n t i o n a l  s y s t e m  of  n o m e n c l a t u r e  (Donk 1 9 6 0 a )  or  
t h e  a n a t o m i c a l  s y s t e m  ( H e n n e b e r t  1 9 7 1 )  a l l o w s  t h e  nami ng  of  
an i m p e r f e c t  s t a t e  u s i n g  an  u n b o t a n i c a l  s c h e me  of  n o m e n c l a t u r e  
w h i c h  e n a b l e s  f o r m  g e n e r a  t o  be d e l i m i t e d .
Thus  i n  f u n g i  w i t h  known t e l t o m o r p h i c  and a n a m o r p h i c  f o r m s ,  
t h e  h o l o m o r p h i c  name r e f e r s  t o  t h e  t e t o m o r p h i c  s t a g e  w i t h  
i n c l u s i o n  of  t h e  a p p r o p r i a t e  a n a m o r p h i c  name i n d i c a t i n g  t h e  
g e n o m i c  r e l a t i o n s h i p  ( C a r m i c h a e l  1 9 7 9 ) .
' Many f u n g i  c l a s s i f i e d  i n  t h e  D e u t e r o m y c o t i n a  a r e  known 
o n l y  a s  i m p e r f e c t  a s e x u a l l y  r e p r o d u c i n g  f o r m s  and  a r e  a c c o r ­
d i n g l y  i d e n t i f i e d  and  named u s i n g  t h e  a n a m o r p h i c  s t a t e s ,  and 
i n  t h e s e  c a s e s  t h e  a n a mo r p h  r e p r e s e n t s  t h e  h o l o m o r p h ,  t h o u g h  
t h e  Code of  n o m e n c l a t u r e  d o e s  n o t  r e c o g n i s e  t h e  names  of  
a n a m o r p h s  a s  h o l o m o r p h i c  names  ( H e n n e b e r t  1 9 7 9 ) .
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I n  t h e  K a n a n a s k i s  I I  c o n f e r e n c e  ( K e n d r i c k  1979)  
s e v e r a l  a u t h o r s  ( e . g .  Nag R a j , L u t t r e l l ,  de  Hoog)  d i s c u s s e d  
t h e  p r o b l e m s  of  g e n u s  l i m i t a t i o n  i n  t e r m s  of  t e l e o mo r p h /  
a n a mo r p h  r e l a t i o n s h i p s .  Many a s c o m y c e t e  t e l 0o mo r p h i c  g e n e r a  
w e r e  a s s o c i a t e d  w i t h  s e v e r a l  d i f f e r e n t  a n a m o r p h s  and 
i n v e r s e l y  many a n a m o r p h i c  f o r m  g e n e r a  we r e  a s s o c i a t e d  w i t h  
s e v e r a l  d i f f e r e n t  t e l # m o r p h s .
Thus  t h e  p r e s e n t  me t h o d s  f o r  t h e  r e c o g n i t i o n  of  t e l o -  
m o r p h i c  g e n e r i c  l i m i t s  b a s e d  on t e l Somor ph c h a r a c t e r s  a l o n e  
may be t o o  r e s t r i c t i v e  and a n a m o r p h i c  s t a t e s  a s  a p a r t i a l  
s t a t e m e n t  of  g e n o m i c  i n f o r m a t i o n  s h o u l d  f o r m  p a r t  of  t e l o ­
morph d e s c r i p t i o n s .  The n o n - b o t a n i c a 1 s y s t e m  of  f o r m - g e n u s  
d e l i m i t a t i o n  t o  s e p a r a t e  d i s c r e t e  g r o u p s  w i t h i n  a f o r m -  
g e n u s  i s  l i k e w i s e  i m p r e c i s e ,  b u t  i n  f o r m s  w i t h o u t  a te Je o -  
m o r p h i c  c o n n e c t i o n  t h e  me t hod  r e v e a l s  a f a i l u r e  t o  f u l l y
d e s c r i b e  t h e  p o t e n t i a l  of  t h e  g e n o me .
T h i s  may be e x e m p l i f i e d  by t h e  a n a m o r p h i c  g e n u s  
S e p t  o r  i a  and  i t s  a s s o c i a t e d  t e l t o m o r p h s  ( T a b l e s  5 ,  6 ) .
The g e n u s  S p p t  or  i a  i s  r e g a r d e d  a s  a h e t  e r  oge r^ous f o r m - g e n u s  
of  f u n g i  w i t h  o v e r  400  s p e c i e s  ( R a j  N,  1 9 7 9 ) .  However  
S u t t o n  ( 1 9 8 0 )  r e f e r s  t o  2 , 0 0 0  and  v a r i o u s  a s c o m y c e t e  g e n e r a  
h a v e  b e e n  d e s c r i b e d  as  t h e  t e  leomor p h s . L u t t r e l l  ( 1 9 7 9 )  
r e g a r d s  t h e  S e p t o r  i a  s p e c i e s  w i t h  a M y c o s p h a e r e l l a  t e l o ­
morph a s  a n a t u r a l  g r o u p i n g .  However  v a r i o u s  s p e c i e s  of  
M y c o s p h a e r e l l a  h a v e  b e e n  d e s c r i b e d  w i t h  a n a m o r p h i c  s t a t e s
n o t  a p p a r e n t l y  r e l a t e d  t o  S e p t o r i a  ( T a b l e  7 ) .
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T a b l e  5 T e l e o m o r p h s  a s s o c i a t e d  w i t h  S e p t o r l a  f r o m K e n d r i c k  1 9 7 9
Ana morph
H y c o s p h e r e l l a  ( 2 5 )
5 . a c e r i s ( L i b  ) P&Br. 
S . a u r e a  E l l . & E v .
5 . c a s t a n e l c o l a  Desm,
S . c e p t l d i s  Berk&Curt  
S . c o p t i s  Berk&Curt  
S . h e d e r a e  Desm.
S . h i p p o c a s t a ni  B&Br
S . l i g u s t r i  Kjckx*  
S . l i n i c o l a ( 5 p g . ) G a r .  
S . m u s i v a  PK. 
S . p i r i c o l a  Desm.
S . p i r  i c o l a  Desm.
•• T e l e o mo r p h
M . l a t e b r o s a  ( C K e . )  S c h r o t  
M. a u r e a  S t o n e
M . m a c u l i f o r m i s  S c h r o t . V a r .  
c a s t a n e  i c o l a
M . c e p t i s  ( S c h w . )  House
M . C o p t i c  ( S c h w . )  House
M . h e d e r i c o l a  ( D e s m . ) L i n d a u
M . m a c u l i f o r m l d  S c h r o t . v a r .  
h i p p o c a s t a n  i
M. 1 i g u s t r i  F c k l .
M . l i n o r u m ( W r . ) G r a c i a - R a d
M. p o p u l o r u m Thom.
M . p i r i ( A u e r s w . ) B o w e r .
M . s e n t i n a ( F r . ) S c h r o t .
R e f e r e n c e
S t o n e ( 1 9 1 6 )  
G r o v e ( 1 9 3 5 )
B a r r ( 1 9 7 2 )  
H o o r e ( 1 9 5 9 )
GroveCi  935)  
G r o v e ( 1 9 3 5 )  
S h a w( 1 9 7 3 )
Th omps o n ( 1 9 4 1 )
Grove (1935)
S . p o p u l i  Desm.
S . p o p u l i c o l a  PK.  
S .  q u e r c i n a  Desm.
M . p o p u l i  S c h r o t .  
M . p o p u l i c o l a  Thom.
M . m a c u l i f o r  mis  S c h r o t .
G r o v e ( 1 9 3 5 )  
T h o m p s o n ( 1 9 4 1 ) 
Grove (1935)
S . q u e r c e t i  Thum.  
S . r i b i s  Desm.  
S . r i b i s  Desm.
M . p s i l o s p o r a  Gi l m. &Wadl .  Grove (1935)
M . g r o s s u l a r i a e ( A u e r s w . ) L i n d a u  G r o v e ( 1 9 3 5 )  
M . r i b i s  ( F c k l . ) F e l t g .  Grove (1935)
S . r u b i  ( Du r b y ) We s t  
S . r u b i  West  
S . r u b i  We s t .
M . j o e r s t a d i i  Arx 
M . l i g e a  S a c c . 
M . r u b i  Roark
Von A r x ( 1 9 5 7 )  
Grove ( 1 935 ) 
R o a r k ( 1 9 2 1 )
S . s t e l l a r i a e  Rob&Desm.  M . i s a r i p h o r a  j o h a n s  
S . 5 p . M . i m p a t i e n t  i s  (PK.  c l i n t o n )
H o u s e .
Grove (1935)
S . t r i t i c i  Ro b . a pu d  M . g r a m i n i c o l a ( F u c k e l ) S a n d e r s o n  S a n d e r s o n ( 1 9 7 6
Desm,  m. a s c o p h y  11 i i  c o t t o n  Webber ( 1 9 6 7 )
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Ta b l e  6 T e l e o m o r p h s  a s s o c i a t e d  w i t h  S e p t o r  i a  f r o m K e n d r i c k  1979
Anamorph Te l e o mo r p h R e f e r e n c e
P h a e o s p h a e r i a  ( 1 )  
S . a l o p e c u r i  S y d . P h a e o s p h a e r i a  n i g r a n s
( R o b . e x  De s m. ) Ho l m
Hu qhe 41949)
L e p t o s p h a e r  l a  Ces
& d e N o t . ( 4 )
S . a v e n a e  Frank
S . p h l o g i s  S a c c . & S p e g ,
S . s o r b i  Las ch
S . z e a e  S t o u t
L . a v e n a r l a  Web.  
L . p h l o g i s  B o s .  
L . S o r b i  Oacz  
L . m a y d l s  S t o u t
G r o v e ( 1 9 3 5 )  
G r o v e ( 1 9 3 5 )  
Gr o v e ( 1 9 3 5 )  
S t o u t ( 1 9 3 0 )
O p h i o b o l u s  ( 1 )  
S . s p . 0 . h e r p o t r i c h u s ( F r . ) S a c c
S p h a e r u l l n a  S a c c . ( 2 )
S . r o v a e  Desm,
( ph1 oe o s p o r a ) 
r o s a e  Desm.
S . r e h m i a n a  3 a p p . G r o v e ( 1 9 3 5 )  
Barr ( 1 9 7 2 )
S . s p . S . r u b i  Des m. &Wi l cox B a r r ( 1 9 7 2 )
S h a w ( 1 9 7 3 )
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T a b l e  7 An a mo r p h i c  g e n e r a  a s s o c i a t e d  w i t h  Myc o s p h a e r e 1 l a
3 o h a n s o n .
( F i g u r e s  i n  p a r e n t h e s i s  i n d i c a t e  number  of  s p e c i e s  
i n v o l v e d ) .
M y c o s p h a e r e 1 1 a  Oo h a n s o n A s c h o c h y t a  L i b  ( 7 )
A s t e r o m a  DC. e x .  F r . ,  ( 1 )
A s t e r o m e l l a  P a s s  e t  T h u m . ( 4)
C e r e o s e p t o r i a  P e t r .  ( 1 )
C e r c o s p o r a  F r e s .  ( 1 6 )
C e r c o s p o r e l l a  S a c c .  ( 4)
C e r e o s p o r  i d i u m  E a r l e  ( 1 )
C l a d o s p o r i u m  L i n k  ex F r .  ( 4)
C y l i n d r o s p o r e 1 1 a  Hf t hnel  ( 1)
F u s i c l a d i e 1 1 a  H b h n e l  ( 1 )
H e b e r o s p o r i u m  Cooke ( 1)
L e c a n o s t i c t a  S y d .  ( 1 )
O v u l a r i a  S a c c .  ( 1 )
P a s s a l o r a  Fr  e t  Mor t  ( 1 )
P h a e o i s a r i o p s i s  F e r r a r i s  ( 1 )  
P h l o e o s p o r a  S c h u l t z  ( 2 )
Phoma S a c c ,  ( 6 )
P h y l l o s t i c t a  P e r s  e x  Desm ( 1 3 )
P l a c o s p h a e r i a  S a c c .  ( 1 )
P o l y t h r i n c i u m  Kunze  & Schm ex  F r . ( l )  
R a m u l a r i a  Unge r  ( 1 0 )
S e p t o c y l i n d r i u m  Bon.  e t  S a c c .  ( 2)  
S e p t o g l o e u m  S a c c .  ( 1 )
S t e n e l l a  S y d .  ( 1 )
S t i g m i n a  S a c c .  ( 1 )
T o x o s p o r i u m  V u i l l  ( 2 )
Kendr  i c k  ( l 979 . ^
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S u t t o n  ( 1 9 8 0 )  a t t e m p t e d  t o  d e v i s e  a new a r t i f i c i a l  
a r r a n g e m e n t  of  t h e  D e u t e r o m y c o t i n a  on t h e  b a s i s  o f  c o n i d i o -  
g e n e s i s  and  t h e  t y p e  of  c o n i d i u m .  He s t r e s s e d  t h a t  t h e  s y s t e m  
was  e x p e r i m e n t a l  w i t h  majy a n o m a l i e s  b u t  t h a t  i t  had  p r o v e d  
wor  k a b l e .
S e p t o r  i a  a s  p r e s e n t l y  d e f i n e d  wo u l d  t h e r e f o r e  be i n  t h e  
m a j o r  s u b - d i v i s i o n  B l a s t o d e u t e r o m y c e t e s . At  t h e  n e x t  d i v i s i o n  
h o w e v e r ,  t h e  g e n u s  wo u l d  h a v e  t o  be s e p a r a t e d  i n t o  t h e  t wo 
g r o u p s  H o l o b l a s t o m y c e t i d a e  and  t h e  E n t e r o b l a s t o m y c e t i d a e .
The f i n a l  l o c a t i o n  f o r  member s  of  t h e  g e n u s  wo u l d  be e i t h e r  
i n  t h e  B l a s t o p y c n i d i i n e a e  or  t h e  P h i a l o p y c n i d i i n e a e  ( T a b l e  8 ) .
However  r e e x a m i n a t i o n  o f  " c o n i d i o g e n e s i s  a s  a t o t a l  
p r o c e s s  i n v o l v i n g  c o n i d i a l  o n t o g e m y ,  c o n i d i a l  d e l i m i t a t i o n ,  
c o n i d i a l  s e c e s s i o n ,  p r o l i f e r a t i o n  and r e g e n e r a t i o n  s u g g e s t s  
t h a t  t h e  s c he me  may h a v e  t o  be d i s c a r d e d  s i n c e  t h e  t e r m s  
p h i a l i d i c ,  b l a s t i c  and t h a l l i c  a r e  a t  p r e s e n t  i l l  d e f i n e d  and 
c a n n o t  be a p p l i e d  t o  f u n d a m e n t a l  d i v i s i o n  o f  c o n i d i a l  f u n g i  
and  t h a t  i f  a new s y s t e m  o f  c l a s s i f i c a t i o n  i s  t o  be u s e d  f o r  
t h e s e  f u n g i  i t  s h o u l d  n o t  r e s t  on s u c h  t e r m s "  ( W i n t e r  e t  a l  
1 9 8 2 , 8 3 ) .
T h i s  v i e w w i l l  r e q u i r e  s u c h  an e x t e n s i v e  r e w o r k i n g  of  
c o n i d i o g e n e t i c  p a t t e r n s  and c o n s e q u e n t  r e v i s i o n  o f  g e n e r i c  
and  h i g h e r  r e l a t i o n s h i p s  t h a t  a t  t h i s  t i m e  t h e  p o s i t i o n  of  
S e p t o r i a  a s  a f o r m  g e n u s  w i t h i n  t h e  C l a s s  C o e l o m y c e t e s  r e m a i n s  
u n c e r t a i n .  The ma i n  c h a r a c t e r i s t i c s  by wh i c h  t h e  g e n u s  
S e p t o r  i a  i s  r e c o g n i s e d  i s  a c o m b i n a t i o n  of  p y c n i d i a l  m o r p h o l o g y  
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The d e f i n i t i o n s  of  c o n  i d i c g c n e s i s  s e t  o u t  a t  K a n a n a s k i s  
I I  ( K e n d r i c k  1 9 7 9 )  a l l o w s  some d i v i s i o n  of  t h e  g e n u s  S e p t o r i a  
i n t o  t h r e e  g r o u p s  ( S u t t o n  1 9 8 0 ) .  C o n i d i a l  f o r m a t i o n  i n  mos t  
f u n g i  c a n  be d e s c r i b e d  by one  o f  t h r e e  t e r m s ,  h o l o b l a s t i c ,  
e n t e r  o b l a s t i c  or  t h a l l i c  ( M a d e l i n  1 9 7 9 ) .  C o n i d i o g e n e s i s  i n  
S e p t o r i a  i s  r e g a r d e d  a s  b l a s t i c  ( S u t t o n  1 9 8 0 ) .  B l a s t i c  d e v e l ­
op me n t  c a n  e i t h e r  be h o l o b l a s t i c  or  e n t e r  o b l a s t i c  w i t h  a 
s p e c i a l  s u b - d i v i s i o n  of  t h e  l a t t e r  b e i n g  d e s c r i b e d  a s  p h i a l i d i c ,
H o l o b l a s t i c  was  d e f i n e d  by C o l e  & Sams on  ( 1 9 7 9 )  Cook and  
K e n d r i c k  ( 1 9 7 9 )  a s  ' t h e  mode o f  b l a s t i c  c o n i d i u m  o n t o g e my  i n  
w h i c h  a l l  w a l l  l a y e r s  o f  t h e  c o n i d i o g e n o u s  c e l l  a r e  i n v o l v e d  
i n  t h e  f o r m a t i o n  of  t h e  c o n i d i a l  w a l l ' .  The a p i ^ l  g r o w t h  o f  
t h e  a c r o a u x i c  c o n i d i o p h o r e  g i v e s  way t o  c o n  i d i o g e n e s i s  w i t h  s o  
l i t t l e  p a u s e  t h a t  i r r e v e r s i b l e  c h a n g e s  i n  w a l l  s t r u c t u r e  do 
n o t  o c c u r .  I n  e n t e r  o b l a s t i c  d e v e l o p m e n t  t h e r e  i s  a p a u s e  
s u f f i c i e n t l y  l o n g  t o  a l l o w  t h e  w a l l  a t  t h e  c o n i d i o g e n o u s  l o c u s  
t o  l o s e  d i r e c t  i n v o l v e m e n t  i n  f u r t h e r  g r o w t h  and  d i f f e r e n t i a t i o n  






Fig. 1 Blastic spore development (redrawn from Madelin 1979)
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U s i n g  t h i s  s i m p l e  s y s t e m  t h e  f o l l o w i n g  t h r e e  g r o u p s  ha ve  
b e e n  d e v i s e d ,  b u t  t h e  s a m p l e  of  t h e  g e n u s  i s  s m a l l  and  many 
more s p e c i e s  woul d  h a v e  t o  be s t u d i e d  b e f o r e  s u c h  g r o u p s  c o u l d  
be r e g a r d e d  a s  f i n a l i s e d :
Gr oup 1 P h i a l i d i c  d e v e l o p m e n t .
S .  a p i i c o l a  Speg
S.  t r i t i c i  Rob
S .  a v e n a e  f . s p .  a v e n a e  F r a n k  
S.  nodo r um Be r k
Gr oup  I I  H o l o b l a s t i c  d e v e l o p m e n t .
11a  H o l o b l a s t i c  -  s i m p l e
S.  a d a n e n i s  P e t r a k  
S.  l e u c a n t h e m i  S a c e  e t  S p e g .
S .  s o c i a  P a s s  
S.  l a c t u c a e  P a s s
S .  g l y c i n e s  H e n r i c i
S.  l y c o p e r s i c i  S p e g .
11b H o l o b l a s t i c  -  s y m p o d i a l .
S .  c y t i s i  Desm.  Type  Spec  ( Ann.  S c i .  Na t
s e r  3 . 8 : 2 4  ( 1 8 4 7 )  ) .
S .  c h r y s a n t h e m e l l a  S a c e
S.  o b e s a  Syd
S.  p a s s e r i n i i  S a c e
S.  h e l i a n t h i  E l l  e t  K e l l .
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1 . 5 . S e p t o r i a  a s  a P a t h o g e n
The g e n u s  S e p t o r i a  S'acc i s  c o mp o s e d  e n t i r e l y  of  
p a t h o g e n s  of  f l o w e r i n g  p l a n t s .  They c a u s e  n e c r o t i c  s p o t s  
and b l o t c h e s  on s t e m s ,  l e a v e s  and f r u i t s  and  i n  s e v e r e  
i n f e c t i o n s  d e f o l i a t i o n  o c c u r s .  Mos t  of  t h e  ma j o r  a g r i ­
c u l t u r a l  and h o r t i c u l t u r a l  c r o p  p l a n t s  h a v e  one or  more 
S e p t o r i a  s pp  w h i c h  c a u s e  s i g n i f i c a n t  c r o p  l o s s e s .
Amongs t  t h e  w o r l d s '  i m p o r t a n t  f o o d  c r o p s ,  w h e a t ,  b a r l e y ,  
o a t ,  c u c u j b i t s ,  p i s t a c h i o ,  s o y a b e a n  and  s u n f l o w e r s  and 
a m o n g s t  f l o w e r  c r o p s  t h e  g e n u s  C h r y s a n t h e m u m  a r e  s e v e r e l y  
a f f e c t e d  .
A l i s t  ( T a b l e s  9 ,  10)  of  i m p o r t a n t  S e p t  or  i a  s p p  f o r  
wh i c h  r e c e n t  d e s c r i p t i o n s  a r e  a v a i l a b l e  wh i c h  i n c l u d e s  
c u l t u r a l  c h a r a c t e r i s t i c s ,  s y mp t o m s ,  g e o g r a p h i c a l  d i s t r i ­
b u t i o n  and  c o n t r o l  m e a s u r e s  h a s  b e e n  p r e p a r e d  f r o m  
p u b l i c a t i o n s  f r o m  t h e  Commonwe a l t h  M y c o l o g i c a l  I n s t i t u t e ,  
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1 . 6 . S e p t o r i a  l e a f  s p o t s  of  P i s t a c h i o .
The f i r s t  d e s c r i p t i o n  of a S e p t  or  i a  sp.  c a u s i n g  a 
l e a f  s p o t  of  P . v e r a  was b a s e d  on m a t e r i a l  f r o m t h e  n o r t h  
of  F r a n c e ,  and g i v e n  t h e  s p e c i f i c  name S.  p i s t a c i a e  
De m a z i e r e  (1842 ) .  L e v e i l l e  ( 1842 )  d e s c r i b e d  a l e a f  s p o t  
of  P i s t a c  i a  sp. c a u s e d  by a p c r i t h e c i a l  f u n g u s  Dot h i d e a  
p i s t a c  i a e . Th i s  was r e w o r k e d  by Cooke ( 1883 , 1885 ) and 
t r a n s f e r r e d  t o  S e p t o r i a  p i s t a c i a e  ( Lev)  Cooke .  A l l e s c h e r  
(190J) r e c o g n i s e d  t h e  occurrence  of S.  p i s t a c i a e  Desm i n  
Germany and a l s o  p r o p o s e d  t h e  new b i n o mi a l  S .  p i s t a c i n a  t o  
r e p l a c e  S .  p i s t a c i a e  ( Lev)  Cooke .
C a r a c c i o l o  ( 1934 )  d e s c r i b e d  S.  p i s t a c i a r u m  a s  a new 
l e a f  s p o t  of  P i s t a c h i o ' f r o m  S i c i l y .
The sympt oms  as  d e s c r i b e d  by C h i t z a n c l i s  ( 1 9 5 6 )  and 
Maas e t  a l  ( 1971 )  show t h a t  t h e  t wo s p e c i e s  S.  p i s t a c i a r u m  
and S.  p i s t a c i n a  c a u s e  l e a f  s p o t s  wh i ch  c a n  be d i s t i n g u i s h e d  
on r a t e  of  g r o w t h  and f o r m.
Symptoms :
S .  p i s t a c i n a
The l e a f  s p o t s  were  f i r s t  v i s i b l e  i n  Dune b u t  wer e  
n o t  ma r k e d l y  n e c r o t i c ,  t h e  p y c n i d i a  wh i c h  wer e  p r o d u c e d  on 
b o t h  u p p e r  and l o we r  s u r f a c e s  of  t h e  l e a f  we r e  t h e  f i r s t  
sympt oms  t o  a p p e a r  a s  d a r k  d o t s .  Thes e  we r e  c o n f i n e d  t o  
s m a l l  a n g u l a r  z o n e s  c o n f i n e d  b e t we e n  t wo  s e c o n d a r y  v e i n s .  
L a t e r  g r o w t h  of  t h e  l e s i o n  l e d  t o  an i n c r e a s e  i n  s i z e  of
25
up t o  2 . 5c m and I n d i v i d u a l  l e s i o n s  c o a l e s c e d  i n t o  l a r g e r  
u n i t s .  F i n a l l y  c h l o r o s i s  and n e u r o s i s  o c c u r ^ d  l a t e r  i n  
t h e  s e a s o n .
S .  p i s t a c i a r u m
Symptoms b e g a n  t o  a p p e a r  i n  May and c o n s i s t e d  of 
s m a l l ,  1mm d i a m,  r o u n d  brown n e c r o t i c  s p o t s .  Ra p i d  
e n l a r g e m e n t  of  t h e  l e s i o n  o c c u r e d  up t o  2.5mm and p y c n i d i a  
a r e  p r o d u c e d  on b o t h  l e a f  s u r f a c e s .  The s p o t s  a r e  
n e c r o t i c  and c o a l e s c e d  i n t o  l a r g e  n e c r o t i c  a n g u l a r  s p o t s .
The p o s i t i v e  c o n n e c t i o n s  of  t h e  a n a m o r p h i c  S e p t o r  i a  
s p p  t o  new t eJf iomorphic Myc o s p h a e r e 1 1 a  s pp  wer e  r e p o r t e d  
by C h i t z a n d i s  ( 1956 )  u s i n g  m a t e r i a l  f r o m G r e e c e .  She 
e x a mi n e d  S.  p i s t a c i n a  A l l e s c h e r  and S.  p i s t a c i a r u m  C a r a -  
c c i o l a  u s i n g  f r e s h ,  c u l t i v e  and h e r b a r i u m  m a t e r i a l .  The 
d e s c r i p t i o n s  of b o t h  s p e c i e s  a r e  r e c o r d e d  i n  T a b l e  H 
The p r e s e n t  t a x o n o m i c  r e l a t i o n s h i p s  of  S e p t o r l a  s pp  on 
P i s t a c i a  c a n  be s u mma r i s e d  a s :
Teleomorph Anamorph Synonyms
M y c o s p h a e r e l l a  S e p t o r i a  none
p i s t a c i a r u m  C h i t z a n d i s  p i s t a c i a r u m  C a r a c c i o l a
Dot h i d e a
M . o i s t a c i n a  C h i t z a n d i s  S . p i s t a c i n a  A l l e s c h e r  p i s t a c i a e
Lev .
S . p i s t a c  i a e  
( Lev) Cooke
N ot  known S . p i s t a c i a e  D e s m a z i e r e s  none
The l a s t  s p e c i e s  i s  d i s t i n g u i s h e d  f r o m t h e  o t h e r s  on t h e  
b a s i s  of  c o n i d i a  s i z e  ( i . e .  2 0 - 3 0  urn x 1 . 6  u m ) .
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T a b l e  1 1  COMPARISON o r  .T h s t a c i s a  a l l e s c h e r  a n d  .9 nsTACiARVM
C A R A C C I O L O
s . p i s i ac t t i o  s.  p IS / n c 1 0  r 11 in
S y m p to m s:  D ar k  do t s  (pycn idia)  N im ie r o u s ,  sm all (2.5  nun),  an-
a p p e a r i n g  sc a t t e re d  Rular ,  b r o w n ,  nec ro t i c  spo t s
ov er  a r a th e r  l a r g e  ( i -  on  th e  l eaves .
2 cm) a rea  of t h e  l e a ­
ves  no t  f o rm i n g  de f i ­
n i t e  spo ts  f rom th e  b e ­
g inn ing .
P y c n i d i a : Globose - depressed  to I r r e g u l a r l y  g lobose  with ty-
lens shn])ed wi th  irrc- pical  os t io le  uj) to 4011.
giilar,  large ,  up  to 70 p, 
ost iole
S ize :  9 6 —160 X  160 —240p.  1 3 8 - 2 1 8 X 1 2 8  -  192 p.
P y c n jd io s p o r e s
S h a p e  an d  Curved ,  a lmos t  f al cate I r r e g u l a r l y  cu rv ed  wi t h  2 to 5
se p t a t io n  wi th  i s e p tu m  a lways .  sep ta .
S ize :  3 1 . 8 - 4 7  7 X 3 . 6 - 4.8p.  4 7 . 7 - 8 4 . 3  ( 9 7 ) % 3 . 2 - 4 . 3  p.
S p e r m o g g n i a  .
Size : So—11 8X 77  — 106 p.
S p EP.MATIA :
S i z e :  3.9 —5 6(7)X i . o X  1.4 p. 2 . 8 - 4 . 9 X 1 . 0 -  1.4 p.
P e RITHECIA :
Size 9 0 - 1 1 2 X 8 0 - 1 0 6  p..
Asci :
N u m b e r  per  
pe r i t h e c i u m  A bo u t  20.
S ize :  4 4 . 8 - 5 4 . 4  X 1 2 . 8 -  14 4 47 7 - ^ °  4 X 8 . 0 -  11.9 P
A s c o s p o r e s :
Si ze :  2 6 . 2 - 4 0 X 3 . 2  -  4.8 p.
C u l t u r a l  C h a ­
r a c t e r s : Colony black,  s t ro ma -  Co lony  redd i sh ,  n o t  s t romat i c ,
tic, forming n u m e r o u s
sp e rm o g o n i a  b u t  no
pycn id ia
I k CURATION
P e r i o d :  3 0  days.
9 6 —1 5 0 X 9 0 — 122 p.
2 . 8 - 4 . 9 X 1 . 0 -  1.4 p.
96 — 128 X 86 — 118 p.
50 -  60.
47.7-6(
18.3 -  3 0 . 2 X 3 . 3 - 4 . 8  p.
alony redd i sh ,  n o t  s tn  
f o r m i n g  n u m e r o u s  pycnidia 
b u t  no  sp e rm o g o n i a .
10 d ay s
e x :  C h i t z a a d i s  ( 1 9 5 6 )
27
1,7 I n f e c t i o n  i s  p r e s u m a b l y  due  t o  g e r m i n a t i o n  of  t h e  
c o n i d i a  and  e n t r y  e i t h e r  d i r e c t l y  t h o u g h  t h e  h o s t  c u t i c l e  
o r  by s t o m a t a l  p e n e t r a t i o n .
The f o r m a t i o n  of  a g e r m - t u b e  f r o m  a s p o r e  n o r m a l l y  
i n v o l v e s  t h r e e  b a s i c  p h a s e s :  ( i )  t h e  a c t i v a t i o n  of  t h e  
s p o r e  f r o m  a r e s t i n g  l e v e l  of  m e t a b o l i s m  t o  a h i g h  e n o u g h  
l e v e l  t o  e n a b l e  t h e  s y n t h e s i s  of  c e l l u l a r  c o m p o n d e n t s  t o  
b e g i n  (Van E t t e n  e t  a l  1 9 8 3 ) .  T h i s  p r o c e s s  f o r  mos t  
c o n i d i a l  f u n g i  r e q u i r e s  t h e  p r e s e n c e  of  f r e e  a v a i l a b l e  
w a t e r  (Van E t t e n  e t  a l  1 9 8 3 ) .  A s s o c i a t e d  w i t h  t h e  w a t e r  
r e q u i r e m e n t  may be a r e q u i r e m e n t  f o r  an e x o g e n o u s  s u p p l y  of 
n u t r i e n t s  t h o u g h  many f u n g a l  p a t h o g e n s  do n o t  show s u c h  an  
e x o g e n o u s  d o rm a n c y .  ( i i )  The i n i t i a t i o n  of  a g e r m - t u b e  
i n v o l v e s  t h e  f o r m a t i o n  of  a h y p h a l - b u i l d i n g  a p e x  w i t h  t h e  
l o c a l  a c c u m u l a t i o n  of  v e s i c l e s  ( Gr ove  1 9 7 8 ) .  The i n s e r t i o n  
of  s u c h  an a p e x  i n t o  a s p o r e  u s u a l l y  f o l l o w s  an i n i t i a l  
p h a s e  of  vo l u me  i n c r e a s e  by s w e l l i n g  and g r o w t h  and t h e  
s u b s e q u e n t  i n s e r t i o n  a t  an a p p r o p r i a t e  l o c u s .  T h i s  l o c u s  
s h o u l d  be p r e d i c t a b l e  and a p a t t e r n  of  d e v e l o p m e n t ,  f o l l o w i n g  
a p r e d e t e r m i n e d  s e q u e n c e ,  s h o u l d  o c c u r .  The p a t t e r n  w i l l  
be g e n o t y p i c a l l y  g o v e r n e d  and w i l l  be s p e c i e s  s p e c i f i c ,  
t h o u g h  m o d i f i c a t i o n s  of  s u c h  p a t t e r n s  may o c c u r  due  t o  
n u t r i e n t  s h i f t s  or  t e m p e r a t u r e  d i f f e r e n c e s .  The f o r m a t i o n  
of  t h e  h y p h a l  b u i l d i n g  a p e x  mus t  i n v o l v e  t h e  e s t a b l i s h m e n t  
of  p o l a r i t y  ( T r i n c i  & Ba n b u r y  1 9 6 7 ) .  T h i s  mus t  d e v e l o p  
de novo w i t h i n  t h e  s w o l l e n  s p o r e  or  be r e l a t e d  t o  an  a l r e a d y  
p r e - e x i s t i n g  p o l a r i t y .  Such  a p o l a r i t y  i s  p o t e n t i a l l y  
i n h e r e n t  i n  a s p o r e  wh i c h  h a s  a b a s e  and  an  a p e x ,  t h o u g h  
t h i s  t y p e  of  p o l a r i t y  may be l o s t  d u r i n g  t h e  p r o c e s s  of  
s w e l l i n g  ( El wy 1 9 8 0 ) .
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( i i i )  The g r o w t h  of  t h e  f i r s t  g e r m - t u b e  and t h e  i n s e r t i o n  
of  s u b s e q u e n t  g e r m - t u b e s  s h o u l d  a l s o  f o l l o w  a p r e d i c t a b l e  
p a t t e r n  ( T r i n c i  1 9 7 9 ) ,  D u r i n g  t h e  i n c r e a s e  i n  s i z e  of  a 
f u n g a l  s p o r e  by s w e l l i n g  and s u b s e q u e n t  g r o w t h  t h e  number  
of  n u c l e i  i n  t h e  s w o l l e n  s p o r e  and g e r m - t u b e s  i s  r e l a t e d  
t o  a vo l u me  of  c y t o p l a s m  i . e .  a n u c l e o c y t o p l a s m i c  r a t i o  i s  
e s t a b l i s h e d .  The r e l a t i o n s h i p  i s  c o n s t a n t  t h r o u g h o u t  t h e  
g r o w t h  or  d u p l i c a t i o n  c y c l e  and a g a i n  i s  s p e c i e s  s p e c i f i c .  
D i v i s i o n  of  t h e  n u c l e i  i s  o f t e n  s y n c h r o n o u s  and s e p t u m  
f o r m a t i o n  p a r t i t i o n s  t h e  c y t o p l a s m  i n t o  e q u a l  p o r t i o n s  
( T r i n c i  1 9 7 9 ) .  The p a t t e r n  of  g e r m - t u b e s  and h y p h a l  
b r a n c h e s  h a s  be e n  d e s c r i b e d  i n  t e r m s  of  a h y p h a l  g r o w t h  
u n i t  (HGU).  T h i s  i s  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  number  
of  b r a n c h e s  or  h y p h a l  t i p s  and t h e  t o t a l  l e n g t h  of  t h e  
m y c e l i u m .  Du r i n g  e a r l y  g r o w t h  of  t h e  g e r m - t u b e  t h e  r a t e  
of  i n c r e a s e  i s  e x p o n e n t i a l  b u t  l a t e r  be c ome s  a r i t h m e t i c .  
S u b s e q u e n t  h y p h a l  b r a n c h i n g  h owe ve r  m a i n t a i n s  t h e  e x p o n e n ­
t i a l  g r o w t h  r e l a t i o n s h i p  when e x p r e s s e d  a s  a f u n c t i o n  of  
t o t a l  m y c e l i a l  l e n g t h  ( T r i n c i  1974 ,  P r o s s e r  1 9 8 3 ) .
P e n e t r a t i o n  of  t h e  h o s t  by a g e r m - t u b e  may be v i a  
a n  i n t a c t  s u r f a c e  or  t h r o u g h  a n a t u r a l  o p e n i n g  e . g .  s t o m ­
a t a l  a p e r t u r e .  E n t r y  e i t h e r  t h r o u g h  t h e  c u t i c l e  or  
s t o m a t a l  o p e n i n g  may i n v o l v e  t h e  f o r m a t i o n  of  an  a p p r e s -  
s o r i u m  w i t h  t h e  s u b s e q u e n t  d e v e l o p m e n t  of  an  i n f e c t i o n  
peg ( A i s t  1 9 8 1 ) .  D i r e c t  p e n e t r a t i o n  of  s t o m a t a l  a p e r t u r e  
may a l s o  o c c u r  w i t h o u t  t h e  d e v e l o p m e n t  of  an a p p r e s s o r i u m .  
I n  some p a t h o g e n s  e . g .  C e r c o s p o r a  s t o m a t a l  p e n e t r a t i o n  
i s  by g e r m - t u b e  e n t r y  d u r i n g  p e r i o d s  when t h e  s t o m a t a  a r e
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op e n  and by a p p r e s s o r i u m  f o r m a t i o n  when t h e  s t o m a t a  a r e  
c lo s e d (R a th a ia h  1976). S i m i l a r  r e s p o n s e s  may be i n f l u e n c e d  
by c h e m i c a l s  l e a c h e d  f r o m t h e  p l a n t  or  by o t h e r  m i c r o ­
o r g a n i s m s  on t h e  p l a n t  s u r f a c e  ( P r e e c e  & D i c k i n s o n  1 9 7 1 ) .
N e c r o t r o p h i c  p a t h o g e n s  a r e  o f t e n  f a c u l t a t i v e  
p a r a s i t e s  ( Le wi s  1973)  and c a n  be gr own on s t a n d a r d  l a b o r ­
a t o r y  m e d i a .  The i n v e s t i g a t i o n  of  g e r m i n a t i o n  and  p a t t e r n  
p r o d u c t i o n  c a n  t h e r e f o r e  be e x a mi n e d  i n  v i v o  and i n  v i t r o .
The i n v a s i o n  of  h o s t  t i s s u e s  by n e c r o t r o p h i c  f u n g a l  
p a t h o g e n s  w i l l  l e a d  t o  e i t h e r  i n t e r  a n d / o r  i n t r a  c e l l u l a r  
h y p h a l  g r o w t h .  I n t e r c e l l u l a r  h y p h a l  g r o w t h  i s  c h a r a c ­
t e r i s t i c  of  b i o t r o p h i c  p a t h o g e n s  ( Le wi s  1973)  e . g .  r u s t s  
and  downy mi l dew f u n g i  and i n t r a c e l l u l a r  h a u s t o r i a  a r e  
t y p i c a l l y  p r o d u c e d  by t h e s e  o r g a n i s m s .  Some n e c r o t r o p h i c  
p a t h o g e n s  grow i n t e r c e l l u l a r l y  e . g .  C l a d o s p o r i u m  f u l v u m , 
Tomat o  l e a f  b l i g h t  ( L a z a r o v i t s  & H i g g i n s  1976)  t h o u g h  
s e v e r a l  o t h e r s  have  be e n  shown t o  r a m i f y  e x t e n s i v e l y  
t h r o u g h  h o s t  c e l l  w a l l s .  Such  r a m i f i c a t i o n  i s  a s s o c i a t e d  
w i t h  t h e  p r o d u c t i o n  of  l a r g e  a mo u n t s  of  p o l y s a c c h a r a s e  
e n z y me s  wh i c h  d e g r a d e  t h e  p e c t i n ,  c e l l u l o s e  and hemi i -  
c e l l u l o s e  c o m p o n e n t s  of  t h e  c e l l  w a l l  ( A i s t  1 9 8 1 ) .
The i n i t i a l  h o s t  t i s s u e  r e s p o n s e  t o  i n v a s i o n  by 
f u n g a l  p a t h o g e n s  i s  g o v e r n e d  by w h e t h e r  t h e  p a t h o g e n  i s  
b i o t r o p h i c  or  n e c r o t r o p h i c .  I n  t h e  f o r m e r  p h o t o s y n t h e s i s  
i s  s l o w l y  d i m i n i s h e d  b u t  CO^ f i x a t i o n  c o n t i n u e s  a t  n e a r l y  
t h e  same r a t e .  I n  b o t h  b i o t r o p h i c  and n e c r o t r o p h i c  
d i s e a s e s  an i n c r e a s e  i n  h o s t  m e t a b o l i c  r a t e  i s  c h a r a c t e r i s t i c
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T h i s  r i s e  i s  a s s o c i a t e d  i n  n e c r o t r o p h i c  d i s e a s e  w i t h  t h e  
o n s e t  of  n e c r o s i s  b u t  i n  b oy^ t r oph i c  d i s e a s e  may p r o v i d e  
a more f a v o u r a b l e  e n v i r o n m e n t  f o r  g r o w t h  ( Da l y  1 9 7 6 ) .
The u n i v e r s a l  f i n a l  r e s p o n s e  t o  i n f e c t i o n  i s  t h e  
l y s i s  and  b r e a k d o wn  of  h o s t  c e l l u l a r  o r g a n e l l e s ,  c e l l s ,  
o r  t i s s u e s  ( A i s t  1 9 8 1 ) ,  The b r e a k d o wn  may be u n i f o r m  
w i t h i n  a l e s i o n  or  may be l o c a l i s e d  e v e n  t o  t h e  e x t e n t  
of  a d j a c e n t  h o s t  c e l l s  s ho wi n g  one w i t h  l y s i s  and  o r g a n ­
e l l e  d i s r u p t i o n  and t h e  o t h e r  w i t h  an a p p a r e n t l y  u n d i s ­
r u p t e d  c e l l u l a r  o r g a n i s a t i o n  ( L a z a r o v i t s  & H i g g i n s  1 9 7 6 ) .
A p a r t  f r o m t h e  g r o s s  s y m p t o m o l o g y , d i s t r i b u t i o n  and 
e f f e c t  on y i e l d  t h e  S e p t o r  i a  l e a f  s p o t s  of  P i s t a c h i o  ha ve  
n o t  b e e n  i n v e s t i g a t e d .  T h e r e  a r e  no p u b l i s h e d  a c c o u n t s  of  
t h e  p r o c e s s e s  of  s p o r e  g e r m i n a t i o n ,  h o s t  p e n e t r a t i o n  and 
h o s t  r e s p o n s e  t o  i n f e c t i o n .
The a i m of  t h i s  wor k  i s  t o  c o mp a r e  t h e  t wo  l e a f -  
s p o t s  o f  P i s t a c h i o  c a u s e d  by S.  p i s t a c e a r u m  and S .  p i s t a - 
c i n a  w i t h  p a r t i c u l a r  r e g a r d  t o  t h e  b e h a v i o u r  of  t h e  
s p o r e  d u r i n g  g e r m i n a t i o n  and t h e  h o s t - p a t h o g e n  i n t e r a c t i o n .
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MATERIAL AND METHODS
2 . 1 .  Ho s t  P l a n t ;  P i s t a c i a  Ver a
F r u i t s  o f  P i s t a c h i o ,  v a r i e t y  B a d a mi ,  we r e  k i n d l y  
s u p p l i e d  by Mr .  A.  S h a h r o k h i  f r o m I r a n  ( R a f s a n j a n  
P r o v i n c e ) .  They we r e  s t o r e d  a t  1 0 ° C,  i n  a c o l d r o o m  i n  
t h e  b o t a n y  d e p a r t m e n t  o f  R o y a l  Ho l l o wa y  C o l l e g e ,  u n t i l  
r e q u i r e d .
The f r u i t  h a s  a f l e s h y  o u t e r  l a y e r  ( h u s k )  and  an 
e x t r e m e l y  h a r d  b i p a r t i t e  e n d o c a r p  ( s h e l l )  e n c l o s i n g  t h e
s e e d  .
To e f f e c t  g e r m i n a t i o n  t h e  f r u i t  h a s  t o  be s o a k e d  i n  
w a t e r  f o r  up t o  48 h o u r s .  T h i s  s o a k i n g  l e a d s  t o  
s o f t e n i n g  o f  t h e  l a y e r  c e m e n t i n g  t h e  t wo  h a l v e s  o f  t h e  
s h e l l ,  p e r m i t t i n g  t h e i r  s e p a r a t i o n ,  w h i c h  i n  t u r n  a l l o w s  
t h e  e mb r y o  t o  g r ow and d e v e l o p .  ( P l a t e  l , a ) .
I n  p r a c t i c e  t h e  h u s k s  we r e  r e move d  f r o m  t h e  f r u i t s  
b e f o r e  s o a k i n g  t h e m i n  w a t e r  c o n t a i n i n g  b e n l a t e  ( 0 . 6 g /  
l i t r e ) ,  t h e  f u n g i c i d e  was p r e s e n t  t o  p r e v e n t  f u n g a l  
i n f e c t i o n .  A f t e r  48 h r s  s o a k i n g ,  t h e  f r u i t s  w e r e  r e move d  
f r o m t h e  b e n l a t e  s o l u t i o n  and k e p t  m o i s t  i n  m u s l i n  s a c k s  
t o  a l l o w  t h e m t o  g e r m i n a t e .  The t e m p e r a t u r e  was b e t w e e n  
20 -  22°C t h r o u g h o u t  t h e  g e r m i n a t i o n  p e r i o d .  The s e e d l i n g s  
w e r e  i n s p e c t e d  d a i l y  and any  d i s e a s e d  s e e d s  o r  s e e d l i n g s  
we r e  r e m o v e d .  When t h e  r a d i c l e  r e a c h e d  a p p r o x i m a t e l y  2 cm,  
e a c h  s e e d l i n g  was p l a n t e d  s i n g l y ,  e i t h e r  i n  p o t s  c o n t a i n i n g  
L e v i n g t o n ' s  s e e d l i n g  c o mp o s t  o r  i n  c o n i c a l  f l a s k s  c o n t a i n i n g
v e r m i c u l i t e .  The p l a n t e d  s e e d l i n g s  we r e  now k e p t  a t  a
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pla te  1
P i s t a c i a  vera
a) germinating seeds (x i )
b) young seed l ing  (x1/3)
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t e m p e r a t u r e  o f  18 - 21 C.  When t h e  2 t o  4 l e a f  s t a g e  was
r e a c h e d ,  u s u a l l y  i n  2 - 3  we e k s  a f t e r  p l a n t i n g ,  t h e  p l a n t s
w e r e  t r a n s f e r r e d  t o  a g r e e n h o u s e ,  wh e r e  t h e  t e m p e r a t u r e  
+ owas  27 -  2 C.  To h a v e  a r e g u l a r  s u p p l y  o f  y o u n g  p l a n t s  
10 s e e d l i n g s  w e r e  p l a n t e d  e v e r y  mo n t h .  ( P l a t e  1 , b ) .
2 . 2.  P a t h o g e n s
( i )  S t o c k  M a t e r i a l .
( a ) S e p t o r i a  p i s t a c i a r u m
A f r e e z e  d r i e d  c u l t u r e  was o b t a i n e d  f r o m  t h e  Ame r ­
i c a n  t y p e  c u l t u r e  c o l l e c t i o n ,  No.  ATCC 2 2 2 0 1 ,  O c t o b e r  
1 9 7 0 .
To m a i n t a i n  a s u p p l y  of  s p o r e s ,  t h e  o r g a n i s m  was  
s u b c u l t u r e d  on o a t  a g a r  e v e r y  2 weeks  and k e p t  a t  25^ C.  
R e s e r v e  c u l t u r e s  we r e  k e p t  on s i l i c a  g e l  ( P e r k i n s  1 9 6 2 )
( b ) S e p t o r i a  p i s t a c i n a
L e a v e s  o f  P . v e r a , i n f e c t e d  w i t h  P .  p i s t a c i n a  we r e  
k i n d l y  s u p p l i e d  by P r o f .  Dr .  K o s k e r  ( U n i v e r s i t y  o f  
A n k a r a ,  T u r k e y ) .  The l e a v e s  we r e  k e p t  c l e a n  a nd  d r y  
i n  t h e  d a r k  a t  r o o m t e m p e r a t u r e .
( i i )  P r e p a r a t i o n  o f  S p o r e  S u s p e n s i o n s .
( a ) S e p t o r i a  p i s t a c i a r u m
5 - 7  d a y  o l d  c u l t u r e s  we r e  f l o o d e d  w i t h  s t e r i l e  
d i s t i l l e d  w a t e r  ( c o n t a i n i n g  0 . 0 1 % t w e e n  8 0 ,  t o  a i d  
d i s p e r s a l  o f  t h e  s p o r e s ) .  The s p o r e  s u s p e n s i o n  
o b t a i n e d  was  t r a n s f e r r e d  t o  a s t e r i l e  v i a l .
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( b ) S e p t o r i a  p i s t a c i n a
I n f e c t e d  l e a v e s ,  c o n t a i n i n g  p y c n i d i a ,  we r e  wa s h e d  
w i t h  s t e r i l e  d i s t i l l e d  w a t e r  and p l a c e d  i n  a s t e r i l e  
p e t r i  d i s h  c o n t a i n i n g  m o i s t  t i s s u e  and a s m a l l  amoun t  
o f  s u r p l u s  w a t e r .  A f t e r  12 h o u r s  s p o r e s  e x u d e d  a s  
s p o r e  t e n d r i l s  f r o m  t h e  p y c n i d i a .  They we r e  c o l l e c t e d  
by me a ns  o f  a w i r e  l o o p  and t r a n s f e r r e d  t o  s t e r i l e  
d i s t i l l e d  w a t e r  i n  a s t e r i l e  v i a l .
Wi t h  b o t h  f u n g i ,  t h e  c o n c e n t r a t i o n  o f  s p o r e s  i n  a 
s u s p e n s i o n  was  c o u n t e d  u s i n g  a h a e m o c y t o m e t e r . When 
w a s h e d  s p o r e s  w e r e  r e q u i r e d  t h e  s u s p e n s i o n s  we r e  
c e n t r i f u g e d ,  r e s u s p e n d e d  i n  s t e r i l e  d i s t i l l e d  w a t e r  and 
r e c e n t r i f u g e d .  The number  of  r e s u s p e n s i o n s  i n  s t e r i l e  
d i s t i l l e d  w a t e r  v a r i e d  d e p e n d i n g  on t h e  a moun t  o f  w a s h i n g  
r e q u i r e d .
2 .3 .  M e d i a .
A l l  s t e r i l e  me d i a  we r e  a u t o c l a v e d  f o r  15 m i n u t e s  a t  
2|],0°C and  15 I b s / s q . i n c h ;  t h e  pH was a d j u s t e d  t o  5 . 7  - 6 . 0 ,  
w i t h  N.NaOH o r  N.HC1, b e f o r e  a u t o c l a v i n g .  Agar  me d i a  we r e  
s o l i d i f i e d  by a d d i n g  1 5 - 2 0 g  a g a r / l i t r e .
( i )  N a t u r a l  M e d i a .
( a )  O a t m e a l  a g a r  (OA)
40g  o a t m e a l / l i t r e .
( b )  P o t a t o  d e x t r o s e  a g a r  (PDA) 
p o t a t o  2 0 0 g
}
d e x t r o s e  2 0 g ) p e r  l i t r e
KH^PO,. i g
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( c )  C a r r o t  a q a r (CTA)
c a r r o t 2 0 0 g / l i t r e
( d )  O a t m e a l  e x t r a c t  (OE)
o a t m e a l 4 0 g / l i t r e
( i i )  S y n t h e t i c  Me d i a •
( a )  B a s i c  S t a n d a r d  S y n t h e t i c
Na^HPO^ 0 . 2 g ) 
)
KHgPO^ l . O g  ) 
)
Na^SO^ 0 . 5 g  ) 
)
A s p a r a g  i ne
/
l . O g  ) p e r  
)
G l u c o s e 1 0 . Og ) 
)
T r a c e )
e l e m e n t 1 ml )
s o l u t i o n )
T r a c e  E l e m e n t s  S o l u t i o n
HLBO? 2 . 8 6 g )
■3 3 )
ZNSO^ TH^O 0 . 2 2 g  )
CuSO, 0 . 0 8 g  )
)
MnSO^ 1 .8 1 g
The SS medi um was u s e d  b o t h  a s  a l i q u i d  and  an 
a g a r  medi um.
The f o l l o w i n g  m o d i f i c a t i o n s  we r e  made t o  SS medi um 
i n  e x p e r i m e n t s  i n v e s t i g a t i n g  s p o r e  g e r m i n a t i o n :
( b )  SS + V i t a m i n
Y e a s t  e x t r a c t  0 . 5 g / l i t r e  a d d e d .
( c )  SS + C a s e i n
C a s e i n  0 . 5 g / l i t r e  a d d e d .
A s p a r a g i n e  r e d u c e d  t o  0 . 5 g / l i t r e ,
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( d ) SS + Y e a s t  + C a s e i n  
C a s e i n  0 . 5 g / l i t r e  a d d e d .
Y e a s t  0 . 5 g / l i t r e  a d d e d  .
A s p a r a g i n e r e d u c e d  t o  0 . 5 g / l i t r e .
( e )  SS + A ( Wher e  A = a s p e c i f i c  ami no  a c i d  e g .  p r o l i n e ,
l e u c i n e ,  and  s o  o n ) .
S p e c i f i c  a mi n o  a c i d  o . 5 g / l i t r e  a d d e d .
A s p a r a g i n e  r e d u c e d  t o  0 . 5 g / l i t r e .
( f )  SS - P
NaH^PO^ r e p l a c e d  by NaCl  0 . 2 g / l i t r e .
( g )  SS -  N
No a s p a r a g i n e
( h )  SS - C
No g l u c o s e .
No a s p a r a g i n e
KNOj I g / l i t r e  a d d e d .
2 . 4 . M i c r o s c o p y
( A)  L i g h t  M i c r o s c o p y
E p i d e r m a l  s t r i p s ,  s e c t i o n s  and c l e a r e d  w h o l e  s p e c i m e n s  
o f  h e a l t h y  and d i s e a s e d  l e a v e s  o f  t h e  h o s t  p l a n t  w e r e  u s e d  
e i t h e r  f r e s h  o r  f i x e d  and s t a i n e d .
U n g e r m i n a t e d  and  g e r m i n a t e d  s p o r e s  w e r e  m o u n t e d  i n
w a t e r  o r  i n  v a r i o u s  s t a i n s .
( i )  F i x a t i v e  and  C l e a r i n g  A g e n t s .
( a )  C h l o r a l  h y d r a t e .
S a t u r a t e d  s o l u t i o n ,  5g i n  2 ml w a t e r  (McBryde 
1 9 3 6 ) .
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( b )  F . A . A .
F o r m a l i n  1 3  ml
A c e t i c  a c i d  5 ml
( g l a c i a l  )
A l c o h o l  ( e t h a n o l )  2 0 0  ml 
(50%)
( c )  E t h a n o l  70%.
( i i )  S t a i n s
( a )  C o t t o n  B l u e .
0 , 0 5  -  1 % i n  L a c t o p h e n o l .
T h i s  was  t h e  mos t  f r e q u e n t l y  u s e d  s t a i n  f o r  
b o t h  f u n g a l  s p o r e s  and  f u n g i  i n  i n f e c t e d  h o s t  
t i s s u e .  M a t e r i a l  t o  be s t a i n e d  was u s u a l l y  f r e s h  
and was i mme r s e d  d i r e c t l y  i n  t h e  s t a i n .
( b )  Ac i d  F u c h s i n .
4% i n  70% e t h a n o l .
( c )  To l u i d i ne  B l u e .
0. 05% i n  70% e t h a n o l .
S t a i n s  ( b )  and ( c )  we r e  u s e d  t o  s t a i n  f u n g i  i n  
h o s t  t i s s u e .
( d )  S a f r a n i n  -  a n i l i n e  b l u e .
i )  S a f r a n i n  1% i n  w a t e r  
i i )  a n i l i n e  b l u e  1 % i n  e t h a n o l .
( e )  M a l a c h i t e  g r e e n  -  a c i d  f u c h s i n  -  m a r t i u s  y e l l o w
i )  P i a n e z ' s
( m a l a c h i t e  g r e e n  1% i n  w a t e r  50 ml
( a c i d  f u c h s i n  1 % i n  w a t e r  1 0  ml
( m a r t i u s  y e l l o w  1 % i n  w a t e r  1 ml
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( d i s t i l l e d  w a t e r  89 ml
(95% e t h a n o l  5 0  ml
i i )  A c e t i c  a c i d  ( g l a c i a l )  1 ml
A l c o h o l  1% i n  w a t e r  99 ml .
( f )  S a f r a n i n  - l i g h t  g r e e n  i n  c l o v e  o i l .
i )  1% l i g h t  g r e e n  i n  c l o v e  o i l .
i i )  1% S a f r a n i n  i n  w a t e r .
S t a i n s  ( d )  t o  ( f )  w e r e  u s e d  t o  s t a i n  s e c t i o n  
o f  wax embedded  m a t e r i a l ,  t h e  s t a i n i n g  p r o c e d u r e s  
u s e d  we r e  t a k e n  f r o m  Johansen (1940).
( g )  P h o t i n e  HV. ( H i c k s o n  & Wel ch L t d ) .
T h i s  s t a i n  was u s e d  t o  s t a i n  f u n g a l  s p o r e s .
The s p o r e s  we r e  mo u n t e d  d i r e c t l y  i n  t h e  s t a i n  and
e x a m i n e d  w i t h  f l u o r e s c e n t  m i c r o s c o p y .
( h )  Gi e ms a .
5% i n  p h o s p h a t e  b u f f e r  pH = 7.  T h i s  s t a i n  was  
u s e d  t o  s t a i n  f u n g a l  n u c l e i .
( i i i )  T e c h n i q u e s
E p i d e r m a l  s t r i p s  we r e  p r e p a r e d  a s  d e s c r i b e d  by 
S h a r p  & Em/ ge^  ( 1 9 5 8 ) .  The s t r i p s  we r e  s t a i n e d  w i t h  
e i t h e r  c o t t o n  b l u e  or  t o l u d i n e  b l u e  ( Ghemawat  1 9 7 7 ) .
Whol e  l e a v e s  wer e  c l e a r e d  i n  c h l o r a l  h y d r a t e  and 
s t a i n e d  w i t h  a c i d  f u c h s i n  (McBryde  1 9 3 6 ) .
S e c t i o n s  of  l e a f  m a t e r i a l  we r e  c u t ,  e i t h e r  by h a n d  
w i t h  a r a z o r  o r  by m i c r o t o m e .  Mi c r o t o m e s  u s e d  w e r e ;
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( a )  f r e e z i n g  m i c r o t o m e  - f o r  f r e s h  m a t e r i a l  
s e c t i o n s  we r e  c u t  l OyuKt hi ck .
( b )  r o t a r y  m i c r o t o m e  -  f o r  wax embedded  m a t e r i a l  
s e c t i o n s  w e r e  c u t  5 y u ^ th ic k .
( c )  e l e c t r o n m i c r o s c o p e  m i c r o t o m e  f o r  m a t e r i a l  
p r e p a r e d  a s  f o r  t r a n s m i s s i o n  e l e c t r o n  m i c r o s c o p y  
b u t  c u t  much t h i c k e r  ,1- 2 y w k t h i c k .
S e c t i o n s  we r e  u s u a l l y  s t a i n e d  b e f o r e  e x a m i n a t i o n .
F u n g a l  n u c l e i  we r e  s t a i n e d  w i t h  Giem sa a s  f o l l o w s :  
S p o r e s ,  e i t h e r  i n  s u s p e n s i o n  o r  on c e l o p h a n e ,  we r e  
w a s h e d  i n  w a t e r  and  t r a n s f e r r e d  t o  5 ml o f  a 3 : 1  e t h a n o l  
a c e t i c  a c i d  m i x t u r e  and  l e f t  f o r  30 mi ns  when t h e  
f i x a t i v e  was  r e m o v e d .  No r ma l  HCl a t  60°C was  t h e n  a d d e d  
a n d  t h e  t e m p e r a t u r e  k e p t  a t  60°C i n  a w a t e r  b a t h .  A f t e r  
1 2  m i n u t e s  i c e  was a d d e d ,  t o  c o o l  t h e  a c i d  q u i c k l y ,  
t h e  a c i d  was  r e mo v e d  and  t h e  s p o r e s  we r e  wa s he d  t w i c e  
i n  d i s t i l l e d  w a t e r ,  f o l l o w e d  by M/ 200  p h o s p h a t e  b u f f e r  
pH 6 . 8 - 7 . 0 .  Gi ems a  was  t h e n  a d d e d  t o  t h e  s p o r e s  and 
l e f t  f o r  l i  h r s .  The s p o r e s  we r e  t h e n  r e a d y  f o r  
e x a m i n a t i o n  t o  s e e  t h e i r  n u c l e i .  They we r e  moun t ed  i n  
t h e  s t a i n .
( B)  S c a n n i n g  e l e c t r o n  m i c r o s c o p y (SEM)
( i ) P r e p a r a t i o n  o f  m a t e r i a l .
2
H o s t  l e a v e s  wer e  c u t  i n t o  p i e c e s  (5- lOmm ) and 
w a s h e d  i n  d i s t i l l e d  w a t e r .
S p o r e s  we r e  was hed  w i t h  0 . 05% t we e n  80 .
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( i i )  T e c h n i q u e  f o r  f i x i n g  and c o a t i n g .
N o t e : -  t h e  b u f f e r  u s e d  was  O. IM s o d i u m  c a c o d y l a t e  
pH 7 . 2 - 7 . 4 .  The t e m p e r a t u r e  was  r oom t e m p e r a t u r e  
( 18^C - 2 0 ° C)  u n l e s s  o t h e r w i s e  s p e c i f i e d .
The s p e c i m e n s ,  h o s t  t i s s u e  and  f u n g a l  s p o r e s ,  we r e  
t r e a t e d  a s  f o l l o w s :
( 1 )  F i x e d  i n  ( a )  o r  ( b )  f o r  t h e  a p p r o p r i a t e  t i m e .
( a )  Os (1% i n  b u f f e r )  f o r  2 h r s .
( b )  G l u t a r a l d e h y d e  (4% i n  b u f f e r )  f o r  2 - 3  h r s  
a t  4 ° C .
( 2 )  Was hed  i n  b u f f e r  f o r  15 m i n s .
( 3 )  D e h y d r a t e d  i n  an a c e t o n e  s e r i e s ,  30%; 50%;
70%;  80%;  90%; 15 mi n s  i n  e a c h ,  100% t wo 
c h a n g e s  30 mi ns  e a c h .
( 4 )  T r a n s f e r r e d  t o  P o l a r o n  E 3 0 0 0  CPD and  c r i t i c a l l y  
p o i n t  d r i e d  a t  3 6 ° C ,  a t  1 200  p s i  ( 8 4  K g / s q  c m) .
( 5 )  M o u n t e d ,  a p p r o p r i a t e l y  o r i e n t a t e d ,  w i t h  a t h i n  
c o a t  o f  a d h e s i v e ,  on a l u m i n i u m  r i v e t s .  ( S p o r e s  
w e r e  mo u n t e d  on a N o . 2 c o v e r s l i p  b e f o r e  m o u n t i n g  
on t h e  a l u m i n i u m  r i v e t s ) .
( 6 ) C o a t e d  w i t h  a s t a n d a r d  (48mm) c o a t i n g  o f  g o l d  
p a l a d i u m ,  by t r a n s f e r r i n g  t h e m t o  a P o l a r o n
E 51 0 0  s e r i e s  I I  ' C o o l '  s p u t t e r  c o a t e r  f o r  2 
mi n s  a t  an a c c e l e r a t i n g  v o l t a g e  o f  2 . 5  KV and 
a c u r r e n t  o f  20m A.  The s p e c i m e n s  we r e  now 
r e a d y  f o r  e x a m i n a t i o n .
( i i i )  T e c h n i q u e  f o r  f r e e z e  f r a c t u r i n g .
G o l d ( 1 9 7 9 )  t e c h n i q u e  was  u s e d .  D e h y d r a t e d  
s p e c i m e n s  f r o m  s t e p  ( 3 ) a b o v e  w e r e  i mme r s e d  i n  l i q u i d
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n i t r o g e n  and  t h e n  r a p i d l y  f r a c t u r e d  w i t h  a s h a r p  r a z o r  
b l a d e ,  w h i c h  had  b e e n  p r e - c o o l e d  i n  l i q u i d  n i t r o g e n ,  
b e f o r e  b e i n g  t r a n s f e r r e d  t o  a P o l a r o n  E f o r  c r i t i c a l  
p o i n t  d r y i n g  a s  i n  S t e p  ( 4 ) .  The p r o c e d u r e  c o n t i n u e d  
f r o m  S t e p  ( 4 )  a s  p r e v i o u s l y  d e s c r i b e d .
(C)  T r a n s m i s s i o n  e l e c t r o i  m i c r o s c o p y (TEM)
( i ) P r e p a r a t i o n  o f  m a t e r i a l s .
L e a v e s  w e r e  c u t  i n t o  p i e c e s  ( 1 - 2 . 5  mm^) and  wa s h e d  
s e v e r a l  t i m e s  i n  d i s t i l l e d  w a t e r .
S p o r e s  we r e  wa s h e d  w i t h  0 . 05% t w e e n  80 f o r  1 h r  
a n d  t h e n  c o n c e n t r a t e d  by f i l t r a t i o n  u s i n g  H a m i l t o n -  
t y p e  s y r i n g e .  At  some s t a g e  i n  t h e i r  p r e p a r a t i o n  f o r  
TEM s p o r e s  h a v e  t o  be e mb e d d e d  i n  a g a r  b l o c k s  t o  
f a c i l i t a t e  t h e i r  m a n i p u l a t i o n  i n  t h e  r e s i n  i n  wh i c h  
t h e y  a r e  s e c t i o n e d .  T h i s  s t e p ,  b a s e d  on t h e  me t h o d  o f  
K e l l e n b u r g h ^ t a l  ( 1 9 5 8 )  was  u s u a l l y  c a r r i e d  o u t  p r i o r  
t o  f i x a t i o n ,  b u t  o c c a s i o n a l l y  s p o r e s  w e r e  f i x e d  f i r s t  
( f o r  f i x a t i o n  s e e  l a t e r ) .  The s p o r e s  w e r e  e mbe dde d  i n  
a g a r  a s  f o l l o w s :
Was hed  s p o r e s  we r e  t r a n s f e r r e d  t o  m o l t e n  2% w a t e r  
a g a r .  The a g a r  was  t h e n  p o u r e d  a s  a t h i n  l a y e r  on a 
s l i d e  a nd  a l l o w e d  t o  s e t ;  1 mm^ b l o c k s  we r e  t h e n  c u t  
o u t .
( i i )  T e c h n i q u e  f o r  f i x i n g ,  e mb e d d i n g  i n  r e s i n  and 
s e c t i o n i n g .
N o t e :  t h e  b u f f e r  u s e d  was O. IM s o d i u m  c a c o d y l a t e  
(pH 7 . 2 - 7 . 4 ) .  The t e m p e r a t u r e  was  r oom t e m p e r a t u r e  
( 1 8 ° C  -  2 2 °C)  u n l e s s  o t h e r w i s e  s p e c i f i e d .
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The s p e c i m e n s ,  l e a f  p i e c e s ,  o r  a g a r  embedded  s p o r e s  
( o r  s t o r e s )  w e r e  t r e a t e d  a s  f o l l o w s :
( 1 )  F i x e d  i n  ( a ) ,  ( b )  or  ( c )  f o r  a p p r o p r i a t e  t i m e ( s )
( a )  G l u t a r a l d e h y d e  (4% i n  b u f f e r )  f o r  1 2 -1 8  h r s .
( b )  G l u t a r a l d e h y d e  (3-6% i n  b u f f e r )  u n d e r  
v a c c u m of  15 I b s / s q . i n c h ,  f o r  1 - 2  h r s ,  t h e n  
w a s h e d  i n  b u f f e r  and t r a n s f e r r e d  t o  osmium 
( 1 - 2 % i n  b u f f e r )  f o r  1 - 2  h r s .
( c )  P o t a s s i u m  p e r m a n g a n e t e  (2-3% i n  b u f f e r )  
f o r  2 h r s .
( 2 )  Washed i n  b u f f e r  3 t i m e s .  10 mi ns  e a c h .
( 3 )  D e h y d r a t e d  i n  an e t h a n o l  s e r i e s  30%; 50%; 70%; 
90%,  15 mi ns  i n  e a c h ,  100% 2 c h a n g e s ,  30 mi ns  
i n  e a c h .
( 4 )  T r a n s f e r r e d  t o  a 5 0 : 5 0  m i x t u r e  of  p r o p y l e n e  
o x i d e  and  e t h a n o l  f o r  30 mi n s ,  t h e n  t o  100% 
p r o p y l e n e  o x i d e  f o r  30 mi n s .
( 5 )  T r a n s f e r r e d  t o  a 5 0 : 5 0  m i x t u r e  of  p r o p y l e n e  
o x i d e  a nd  S p u r r ' s  r e s i n  and l e f t  o v e r n i g h t ,  t h e  
f i r s t  2 h r s  u n d e r  vaccum of  15 I b s / s q . i n c h .
The c o n t a i n e r  was  l e f t  u n s t o p p e r e d  t o  a l l o w  
t h e  s o l v e n t  t o  e v a p o r a t e .
( 6 ) T r a n s f e r r e d  t o  3 c h a n g e s  o f  r e s i n  o v e r  48 h r s .
( 7 )  T r a n s f e r r e d  t o  a s m a l l  p l a t e  c o n t a i n i n g  r e s i n  
w h i c h  had  be e n  l e f t  i n  t h e  oven  f o r  t h e  r e s i n  
t o  h a r d e n ,  f r e s h  r e s i n  was a d d e d  t o  c o v e r  t h e  
s p e c i m e n s  and t h e  p l a t e  t r a n s f e r r e d  t o  a p r e -  
h e a t e d  oven  and l e f t  f o r  6 h r s  a t  45°C  f o l l o w e d  
by 36 h r s  a t  6 0 °C .  The embedded  s p e c i m e n s  wer e  
now h a r d  e n o u g h  t o  be s e c t i o n e d .
A3
( 8 )  The b l o c k s  of  r e s i n  we r e  t r i m m e d ,  t r a n s f e r r e d  
t o  an LKB u l t r a t o m e  111 mi c r o t o m e  and  s e c t i o n e d  
50 nm t h i c k  or  500 A° .
( 9 )  S e c t i o n s  t r a n s f e r r e d  t o  s m a l l  g r i d s  and  a r e  
now r e a d y  f o r  s t a i n i n g  and e x a m i n a t i o n .
( i i i )  S t a i n  a nd  S t a i n i n g  P r o c e d u r e .
( 1 )  U r a n y l  a c e t a t e  0 . 05% i n  w a t e r .
T h i s  s t a i n  was  u s e d  a f t e r  S t e p  2 i n  t h e  f i x i n g ,
e m b e d d i n g  p r o c e d u r e .  The s p e c i m e n s  we r e  l e f t  i n  
s t a i n  f o r  2 h o u r s  b e f o r e  d e h y d r a t i o n .
( 2 )  R u t h e n i u m  Red 0 . 01% i n  w a t e r .
T h i s  s t a i n  was u s e d  f o r  s p o r e s ,  t h e  s p o r e s  
w e r e  s t a i n e d  f o r  15 min b e f o r e  t h e y  we r e  e mbe dde d  
i n  t h e  a g a r  b l o c k .  The s t a i n  p e r f o r m e d  t wo  p u r p o s e s ,
i t  s t a i n e d  t h e  s p o r e s  and  a l s o  e n a b l e d  t h e m t o  be
e a s i l y  l o c a t e d  i n  t h e  a g a r  b l o c k .
( 3 )  D o u b l e  S t a i n  10% u r a n y l  a c e t a t e  i n  50% m e t h a n o l  
f o l l o w e d  by R e y n o l d ' s  l e a d  c i t r a t e .
D o u b l e  s t a i n i n g  i s  a s t a n d a r d  s t a i n i n g  f o r  
s e c t i o n s  on g r i d s .
? _^$ p o r e  G e r m i n a t i o n .
(A)  The c o u r s e  o f  g e r m i n a t i o n  i n  l i q u i d  me d i a  was  s t u d i e d
i n  t wo  w a y s :
( i )  A s p o r e  s u s p e n s i o n  was  was hed  and 10^ s p o r e s  a d d e d  
t o  2 5 0  ml c o n i c a l  f l a s k s  e a c h  c o n t a i n i n g  50 ml of  
t h e  a p p r o p r i a t e  me d i um.  The f l a s k s  we r e  i n c u b a t e d
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a t  25°C on an o r b i t a l  s h a k e r  a t  180 r pm.
S a m p l e s  o f  s p o r e s  we r e  r e move d  a t  i n t e r v a l s  w i t h  a 
w i r e  l o o p ,  and  e x a m i n e d  u n d e r  t h e  l i g h t  m i c r o s c o p e .
The s t a t e  o f  t h e  s p o r e s ,  and t h e i r  p e r c e n t  g e r m i n ­
a t i o n  was  r e c o r d e d .  I f  d e t a i l s  o f  c e l l  w a l l s  and 
n u c l e i  w e r e  r e q u i r e d  t h e  s p o r e s  wou l d  be mount ed  
i n  an a p p r o p r i a t e  s t a i n .
( i i )  C o u l t e r  C o u n t e r .
A s e r i e s  o f  f l a s k s  we r e  p r e p a r e d  and i n c u b a t e d  as  
i n  ( i ) .  At  i n t e r v a l s  s i n g l e  f l a s k s  we r e  r emove d  
a nd  t h e i r  c o n t e n t s  d i l u t e d  w i t h  0.5% NaCl  s o l u t i o n  
t o  g i v e  a s p o r e  c o n c e n t r a t i o n  o f  4 . 6  x 10 ml .
B e f o r e  d i l u t i o n  t h e  % g e r m i n a t i o n  was d e t e r m i n e d
a s  i n  ( i ) .  300  ml of  t h e  d i l u t e d  s a m p l e s  wer e
a s s e s s e d  u s i n g  a c o u l t e r  c o u n t e r  t y p e  ZB (Kubi tschek 1969)
(B)  The c o u r s e  o f  g e r m i n a t i o n  on s o l i d  me d i a  was a l s o  
i n v e s t i g a t e d  i n  t wo  wa y s ;
( i )  C e l l o p h a n e  d i s c s  (2 cm d i a m e t e r )  we r e  s t e r i l i s e d  
by a u t o c l a v i n g  and  p l a c e d  on t h e  s u r f a c e  o f  t h e  
a p p r o p r i a t e  a g a r  me d i a  i n  p e t r i  d i s h e s .  The 
c e l l o p h a n e  was t h e n  i n o c u l a t e d  w i t h  a d r o p  of  
w a s h e d  s p o r e  s u s p e n s i o n .  At  i n t e r v a l s  p i e c e s  of  
t h e  i n o c u l a t e d  c e l l o p h a n e  we r e  r e move d  and e x a m i n e d .
The s t a t e  o f  t h e  s p o r e s  and t h e i r  n u c l e i  and t h e  
p e r c e n t  g e r m i n a t i o n  we r e  r e c o r d e d  a s  a l r e a d y  d e s c r i b e d .
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( i i )  M i c r o  m a n i p u l a t i o n  t e c h n i q u e .
To f o l l o w  t h e  g e r m i n a t i o n  of  i n d i v i d u a l  s p o r e s ,  
s i n g l e  s p o r e s  we r e  i s o l a t e d  u s i n g  m i c r o m a n i p u l a t i o n .  
The me t h o d  u s e d  was  a d a p t e d  f r o m t h a t  o f  D i c k i n s o n  
( 1 9 2 9 )  w h i c h  h a s  b e e n  d e s c r i b e d  a s  " I s o l a t i o n  by 
m i c r o m a n i p u l a t i o n  b e l o w  t h e  a i r  g e l  i n t e r f a c e "  and 
J o h n s t o n e  ( 1 9 6 9 ) .  The m o i s t  c h a mb e r  of  Di xon  ( 1 9 5 8 )  
was  u s e d .
The c h a m b e r  was  p r e p a r e d  a s  f o l l o w s ;  t wo t h i n  
s t r i p s  o f  g l a s s  we r e  c u t  f r o m a N o . 2 c o v e r s l i p ,  
s t e r i l i s e d  by f l a m i n g  i n  a l c o h o l ,  and p l a c e d  on 
t h e  s u r f a c e  o f  an e n t i r e  s t e r i l e  N o . 2 c o v e r s l i p .
A s e c o n d  s t e r i l e  N o . 2 c o v e r s l i p  was t h e n  p l a c e d  on 
t o p  o f  t h e  s t r i p s .  The e d g e s  of  t h e  2 c o v e r s l i p s  
on e i t h e r  s i d e  o f  t h e  g l a s s  s l i p s  we r e  p r e c i s e l y  
l i n e d  u p .  The o t h e r  2 e d g e s  wer e  o v e r l a p p e d ,  s o  
t h a t  t h e  p a i r  o f  c o v e r s l i p s  c o u l d  be l i f t e d  w i t h  
f o r c e p s  by h o l d i n g  on t o  t h e  b o t t o m  one  o n l y .  The 
c o v e r s l i p s  w e r e  t r a n s f e r r e d  t o  a warm a l u m i n i u m  p l a t e ,  
k e p t  warm by a v e r y  l ow b u n s e n  f l a m e .  A f ew d r o p s  
o f  a p p r o p r i a t e  m o l t e n  a g a r  we r e  t h e n  r u n  i n  b e t w e e n  
t h e  c o v e r s l i p s .  The c o v e r s l i p s  we r e  c a r e f u l l y  
r e m o v e d  f r o m  t h e  warm p l a t e ,  t h e  a g a r  a l l o w e d  t o  s e t .  
When t h e  a g a r  had  s e t ,  t h e  t wo c o v e r s l i p s  we r e  
g e n t l y  s e p a r a t e d  s o  t h a t  t h e  a g a r  r e m a i n e d  a t t a c h e d  
t o  one  o f  t h e m .  The c o v e r s l i p  c o n t a i n i n g  t h e  a g a r  
was  p l a c e d  on a s t e r i l i s e d  U s h a p e d  p l a s t i c  c h a mb e r  
( p r e v i o u s l y  c l e a n e d  a nd  s t e r i l i s e d  by w i p i n g  o v e r  
w i t h  a c e t o n e ) .  A s e c o n d  c o v e r s l i p  was p l a c e d  n e x t  
t o  t h e  f i r s t ,  t o  c l o s e  t h e  t o p  o f  t h e  c h a m b e r .  The
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b a s e  o f  t h e  c h a m b e r  was  f o r me d  by a g l a s s  s l i d e  
w h i c h  c o u l d  be  d r a wn  o u t  t o  open  t h e  c h a mb e r  f r o m 
b e l o w .  The t o p  o f  t h e  c o v e r s l i p  c a r r y i n g  t h e  a g a r  
was  ma r k e d  w i t h  r o w s  o f  s m a l l  d o t s  u s i n g  I n d i a n  
i n k .
S p o r e s  w e r e  i n t r o d u c e d  i n t o  t h e  c ha mbe r  by d r a w i n g  
b a c k  t h e  b o t t o m  s l i d e ,  s u f f i c i e n t l y  f a r  t o  e x p o s e  
t h e  a g a r  s u r f a c e .  A s m a l l  d r o p  of  s p o r e s  was p l a c e d  
a t  t h e  e d g e  o f  t h e  a g a r  s u r f a c e  and t h e n  u s i n g  t h e  
m i c r o m a n i p u l a t o r  e q u i p p p e d  w i t h  a g l a s s  n e e d l e  and 
X 4 0 0  m a g n i f i c a t i o n ,  i n d i v i d u a l  s p o r e s  we r e  
t r a n s f e r r e d  f r o m  t h e  e d g e  t o  t h e  p o s i t i o n s  on t h e  
a g a r  ma r k e d  by t h e  I n d i a n  i n k  s p o t s  on t h e  c o v e r s l i p .  
When t h e  r e q u i r e d  nu mb e r  o f  s p o r e s  had b e e n  i s o l a t e d  
t h e  c h a m b e r  was  c l o s e d  by p u s h i n g  b a c k  t h e  b a s a l  
s l i d e .  The  w h o l e  a p p a r a t u s  was p l a c e d  i n  a s t e r i l e  
p e t r ^ i s h  a nd  i n c u b a t e d  a t  25° C.  At  i n t e r v a l s  t h e  
s p o r e s  w e r e  e x a m i n e d  u n d e r  t h e  m i c r o s c o p e  and t h e i r  
b e h a v i o u r  d u r i n g  t h e  c o u r s e  of  g e r m i n a t i o n  was 
r e c o r d e d  a nd  some o f  t h e  s t a g e s  wer e  p h o t o g r a p h e d .
When s t u d y i n g  s p o r e  g e r m i n a t i o n  i n  t h i s  way i t  i s  
v e r y  i m p o r t a n t  t o  e n s u r e  t h a t  t h e  a g a r  l a y e r  i s  f i r m ,  
h a s  a s m o o t h  s u r f a c e  a nd  i s  c l e a r .
2 . 6 .  H o s t - P a t h o g e n  i n t e r a c t i o n
I .  I n o c u l a t i o n  o f  h o s t .
To s t u d y  h o s t  p a t h o g e n  i n t e r a c t i o n  l e a v e s  we r e
i n o c u l a t e d  w i t h  s p o r e  s u s p e n s i o n s  o f  t h e  p a t h o g e n .  The
a g e  o f  l e a v e s  was  f o u n d  t o  be  v e r y  i m p o r t a n t  i n  d e t e r m i n i n g
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w h e t h e r  t h e  p a t h o g e n  b e c a me  e s t a b l i s h e d .  I t  was 
t h e r e f o r e  n e c e s s a r y  t o  s t u d y  t h e  g r o w t h  and d e v e l o p m e n t  
o f  h o s t  l e a v e s .
i ) D e v e l o p m e n t  o f  L e a v e s
a )  P l a s t o c h r o n  I n d e x .
10 p o t t e d  s e e d l i n g s  we r e  gr own i n  a Weyco c l i m a t i c  
c o n d i t i o n  c a b i n e t  ( 2 5 ° C  a r i d ) .
As t h e  l e a v e s  e x p a n d e d  t h e y  we r e  me a s u r e d  a t  5 
d a y s  i n t e r v a l s  ( u s i n g  a mm r u l e r ) .  L e a f  number  and 
m e a s u r e m e n t  o f  t h e  f i r s t  16 l e a v e s  of  a l l  10 p l a n t s  
w e r e  r e c o r d e d .  The e x p e r i m e n t  was c a r r i e d  o u t  f r o m 
No v e mb e r  t o  J a n u a r y .
b)  S c a n n i n g  e l e c t r o n  m i c r o s c o p y .
Young p l a n t s  w i t h  12 l e a v e s  we r e  t a k e n .  The 
l e a v e s  w e r e  l a b e l l e d  1 - 1 2 ,  w i t h  1 b e i n g  t h e  o l d e s t  
l e a f .  The l e n g t h  o f  e a c h  l e a f  was me a s u r e d  and 
r e c o r d e d .  One l e a f  f r o m  e a c h  p a i r  was s u b s e q u e n t l y  
p r e p a r e d  f o r  s c a n n i n g  w i t h  E.M.  The d e v e l o p m e n t  
o f  t h e  p l a n t  up t o  t h e  12 l e a f  s t a g e  had be e n  p r e v ­
i o u s l y  r e c o r d e d  t h e r e f o r e  t h e  age  of  e a c h  l e a f  was 
known.
i i ) I n o c u l a t i o n
Two m e t h o d s  w e r e  u s e d  f o r  i n o c u l a t i n g  t h e  h o s t
p l a n t  :
a )  A t t a c h e d  l e a v e s .  P l a n t s ,  e i t h e r  i n  p o t s  or  i n  
f l a s k s ,  we r e  wa s h e d  t h o r o u g h l y  w i t h  t a p  w a t e r  and 
i n o c u l a t e d  w i t h  a s p o r e  s u s p e n s i o n  . The s u s p e n s i o n
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was  u s u a l l y  i n  w a t e r ,  b u t  o c c a s i o n a l l y  i n  0 . 05% 
g e l a t i n .  The s u s p e n s i o n  was a p p l i e d  e i t h e r  a s  a 
d r o p ,  w h i c h  was  s p r e a d  o v e r  t h e  s u r f a c e  by h a n d ,  or  
a s  a s p r a y  u s i n g  a s p r a y  g u n .  The i n o c u l a t e d  p l a n t  
was  e i t h e r  c o m p l e t e l y  c o v e r e d  by a p o l y t h e n e  b a g ,  
w h i c h  was r e mo v e d  a f t e r  48 h o u r s ,  o r  t h e  i n o c u l a t e d  
l e a v e s  we r e  e a c h  s u r r o u n d e d  by a p l a s t i c  P e t r j i d i s h  
c o n t a i n i n g  a s m a l l  a mo u n t  o f  w a t e r .  The P e t r j i d i s h  
was  l e f t  i n  p o s i t i o n  u n t i l  i n f e c t i o n  was a p p a r e n t .  
A f t e r  48 h o u r s  t h e  p l a n t s  w e r e  t r a n s f e r r e d  t o  a 
b e n c h  g l a s s  c a b i n e t  w i t h  a t e m p e r a t u r e  of  25 - 2°C 
a nd  a R. H.  o f  8 0 - 1 0 0 .  ( P l a t e  2 a , b ) .
b ) D e t a c h e d  l e a v e s .  The l e a v e s  we r e  r e move d  f r o m 
t h e  p l a n t  and  wa s h e d  t h o r o u g h l y  w i t h  t a p  w a t e r  and 
p l a c e d  i n  p e t r i d i s h e s  c o n t a i n i n g  m o i s t  t i s s u e .
They  w e r e  t h e n  i n o c u l a t e d  a s  a b o v e  w i t h  a s p o r e  
s u s p e n s i o n .  The p e t r i d i s h e s  we r e  k e p t  a t  25 -  2° C.
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P l a t e  2
P i s t a c i a  v e r a
a )  i n o c u l a t i o n  c h a m b e r  f o r  i n o c u l a t i o n  
of  s e l e c t e d  l e a v e s  of  s e e d l i n g s  
g r o wn  i n  p o t s  (x 1 / 3 ) .
b )  i n o c u l a t i o n  o f  w h o l e  p l a n t  i n  
v e r m i c u l i t e  c u l t u r e  (x 1 / 2 ) .
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2 . 7 .  M e a s u r e m e n t s  o f  S p o r e  G e r m i n a t i o n  and Hy p h a l  Growt h
K i n e t i c s
S p o r e s  we r e  i s o l a t e d  f r o m  5 day  o l d  c u l t u r e  o n t o  SSM 
u s i n g  t h e  m i c r o m a n i p u l a t i o n  c h a m b e r .  The c h a mb e r  was  u s e d  
a s  a g r o w t h  c h a m b e r  and  i n c u b a t e d  a t  2 5 ° c ,  The i s o l a t e d  
s p o r e s  and  s u b s e q u e n t  g e r m l i n g s  wer e  e i t h e r ,  d r a wn  w i t h  a 
c a m e r a  l u c i d a ,  o r  p h o t o g r a p h e d  u s i n g  a L e i t z  p h o t o m i c r o s c o p e  
and  p r i n t s  made a t  a s u i t a b l e  e n l a r g e m e n t .  E l e v e n  s e q u e n t i a l  
o b s e r v a t i o n s  we r e  made a t  i n t e r v a l s  o v e r  a p e r i o d  o f  31 h o u r s  
i n c u b a t i o n .
The t o t a l  m y c e l i a l  l e n g t h  was  m e a s u r e d  f r o m e i t h e r  t h e  
d r a w i n g s  o r  p h o t o g r a p h i c  p r i n t  and  c o n v e r e d  t o  ^m.  The 
n u m b e r s  o f  h y p h a l  t i p s  we r e  c o u n t e d  and  r e c o r d e d  a s  t i p s /  
m y c e l i u m .
The H . G. U.  was  e s t i m a t e d  f r o m  t h e s e  t wo v a l u e s :
_ l e n g t h  o f  h y p h a e  ( pm)
-  no .  of  h y p h a l  t i p s
H. G. U.  = h y p h a l  g r o w t h  u n i t  ( C a l d w e l l  & T r i n c i  1 9 7 3 ) .
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2 . 8 S t a t i s t i c a l  methods ( Z a r ,  197^)
1. mean x = Zx or Zfx 
n Zf
2.  Sum of  s qua r e s  SS = Zx^-(Zx)^ Zfx^ -  (Zfx)^
—  or
n
3.  V ariance  S^x _ SS
mean square  MS ,n -  I
4 . S tandard  D ev ia tion  Sx =
5. S tandard  E rro r  Sx = Sx
J r
6. 95% Confidence L im its  = x + t  Sx
2oc = 0 .05 , n-1
7. Comparison o f  means: Ho :
V ,  + ng -2 = p i  ■ ^2
Sd
Sd = /S^ Sg
" l  "2
8 , Product-moment c o r r e l a t i o n  c o e f f i c i e n t  r  
r  = SPxy
J  SSx. SSy 
SPxy = £xy -  (Zx) (Zy)
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9. S ig n i f i c a n c e  o f  r  Ho : /O = o 
ANOVA
Source df SS MS ocF , n-2
C o r r e la t io n  (C) 1 r^SSy r^SSy CMS/RMS
R es id u a l  (R) n-2 ( l- r^ )S S y
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RESULTS
3 . 1 .  P l a s t o c h r o n  i n t e r v a l  ( E r i c k s o n  & M i c h e l i n i  1957)
I n  a n  a t t e m p t  t o  e s t a b l i s h  r e f e r e n c e  p o i n t s  r e l a t e d  
t o  p l a n t  d e v e l o p m e n t  r a t h e r  t h a n  t o  a c t u a l  age  i n  d a y s ,  
t h e  p l a s t o c h r o n  i n t e r v a l s  b e t w e e n  s u c c e s s i v e  l e a v e s  we r e  
e s t i m a t e d  f o r  a s e t  of  s e e d l i n g s .  T h e r e  wer e  p r a c t i c a l  
c o n s t r a i n t s  on m e a s u r i n g  young l e a v e s .  The l e a v e s  wer e  
t i g h t l y  r o l l e d  and  d i d  n o t  open  u n t i l  ^ 1 . 2  cms l o n g .
A l l  m e a s u r e m e n t s  w e r e  made on u n r o l l e d  l e a v e s .  The d a t a  
r e p r e s e n t  t h e  mean v a l u e s  f o r  t e n  p l a n t s  and a r e  shown 
i n  F i g  3 .  The p l o t  of  l o g  l e a f  l e n g t h  v e r s u s  t i m e  
s howe d  t h a t  a l l  l e a v e s  g r ew e x p o n e n t i a l l y  f o r  t h e  f i r s t  
1 0 - 1 5  d a y s  a f t e r  u n r o l l i n g ,  b u t  t h e  g r o w t h  r a t e  s l o w l y  
d e c l i n e d  u n t i l  maximum s i z e  was r e a c h e d .  The g r a p h  
r e v e a l s  t h a t  t h e  f i r s t  f o r me d .  l e a v e s , 1 - 8 ,  f o r m  a 
c l u s t e r  w i t h  no c o n v e n i e n t  me a s u r e  t o  s e p a r a t e  t h e m .
L a t e r  l e a v e s ,  ^  8,  show u n e v e n  p l a s t o c h r o n  i n t e r v a l s  and 
no c o n v e n i e n t  r e f e r e n c e  l e n g t h  c o u l d  be d e t e r m i n e d  f r o m 
w h i c h  t o  e s t i m a t e  t h e  p l a s t o c h r o n  i n t e r v a l s .
T h i s  r e s u l t  i s  i n  c o n t r a s t  t o  t h e  u s e  of  t h e  met hod 
f o r  s e e d l i n g  h e r b a c e o u s  p l a n t s ,  e . g .  t o m a t o  wh e r e  t h e  
p l a s t o c h r o n  i n t e r v a l s  and t h e  p l a s t o c h r o n  i n d e x  ( P I )  c a n  
be u s e d  a s  a s u b s t i t u t e  f o r  a t i m e  r e f e r e n c e  b a s e ,  a t  
l e a s t  f o r  t h e  f i r s t  8 - 9  l e a v e s .  A p l o t  of  t h e  p l a s t o c h r o n  
i n d e x  i n  t o m a t o  i s  l i n e a r  up t o  l e a f  9 b u t  be c ome s  n o n ­
l i n e a r  a s  s o o n  a s  f l o w e r i n g  i s  i n i t i a t e d  ( Co l e ma n  & G r e y s o n  
1 9 7 6 ) .
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The p l a s t o c h r o n  me t hod  f a i l e d  t o  p r o v i d e  a c o n v e n ­
i e n t  or  r e l i a b l e  s y s t e m  f o r  r e l a t i n g  P i s t a c h i o  l e a f  
d e v e l o p m e n t  t o  a P I  v a l u e .  The t e c h n i q u e  was d i s c o n t i n u e d  
a nd  d e v e l o p m e n t a l  p e r i o d s  of  b o t h  h o s t  and p a t h o g e n  a r e  
g i v e n  i n  d a y s  w i t h  e i t h e r  a p l a n t i n g  d a t e  or  an i n f e c t i o n  
d a t e  a s  t h e  o r i g i n .  R e f e r e n c e  t o  l e a f  p o s i t i o n  i n  s u b ­
s e q u e n t  e x p e r i m e n t s  i s  a l w a y s  r e l a t e d  t o  t h e  y o u n g e s t  
a v a i l a b l e  l e a f  w h i c h  i s  i d e n t i f i e d  a s  L e a f  1 and  a l l  
o l d e r  l e a v e s  a r e  n u mb e r e d  i n  s e q u e n c e  downwa r ds  f r o m t h e  
a p e x .
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F i g  3 The p l o t  of  l og  l e a f  l e n g t h  v e r s u s  t i m e









3 a n .N ov . Dec .
Time
( i n  o r d e r  t o  a v o i d  c o n f u s i o n  some s y mb o l s  a r e  open  and t h e  
p e c k e d ) .
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3. 2 .  S t o m a t a l  m a t u r a t i o n
The m a t u r a t i o n  of t h e  l e a f  of  P .  v e r a  was o n l y  
i n v e s t i g a t e d  i n  t e r m s  of  s t o m a t a l  m a t u r a t i o n .  Th r e e  
l e a v e s ,  l e a f  1 ,  l e a f  4 and l e a f  8 i n  s e q u e n c e  be l ow t h e  
a p e x  of  a s e e d l i n g  g r own i n  f u l l  d a y l i g h t  we r e  c u t  o f f  
and i m m e d i a t e l y  p r e p a r e d  f o r  5 . E . M.  The y o u n g e s t  l e a f  
( 1 )  had  no open  s t o m a t a ,  l e a v e s  4 and 8 had f u l l y  open  
s t o m a t a .  L e a f  1 was 1 . 9  cm l ong  and 4 d a y s  had e l a p s e d  
w i t h  r e f e r e n c e  t o  t h e  t i m e  of  l e a f  u n f o l d i n g .  The s t o m a t a  
on t h e  a b a x i a l  s u r f a c e  we r e  f u l l y  d i f f e r e n t i a t e d  f r o m t h e  
e p i d e r m a l  c e l l s  and had r a i s e d  p r o m i n e n t  g u a r d  c e l l s .
The a p e r t u r e  was c l o s e d  and a p p e a r e d  t o  be o c c l u d e d .
The c u t i c u l a r  r i m  was n o t  f u l l y  d i f f e r e n t i a t e d  ( P l a t e  3 ) .  
I n  l e a v e s  4 and 8 t h e  s t o m a t a  we r e  f u l l y  ma t u r e  w i t h  
p r o m i n e n t  c u t i c u l a r  r i m s  s u r r o u n d i n g  t h e  a p e r t u r e  ( P l a t e s




S t o m a t a l  m a t u r a t i o n  of  u n i n f e c t e d  l e a v e s  
of  P i s t a c i a  v e r a .
d i s t r i b u t i o n  and  a p e r t u r e  s t r u c t u r e  of  
L e a f  1 (4 d a y s  o l d )  of  a s e e d l i n g  w i t h  
11 l e a v e s ,
a )  d i s t r i b u t i o n  of  s t o m a t a  (x 4 9 0  ) .
b ) e n l a r g e d  v i e w  of  a (x 990 ) .
c )  a p e r t u r e  s t r u c t u r e  of  s t o m a t a  (x 1400)
d )  a p e r t u r e  s t r u c t u r e  of  s t o m a t a  (x 3400)
1
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P l a t e  4
SEM
s t o m a t a l  m a t u r a t i o n  of  u n i n f e c t e d  l e a v e s  
o f  P i s t a c i a  v e r a .
d i s t r i b u t i o n  and a p e r t u r e  s t r u c t u r e  o f  
L e a f  4 ( 2 4  d a y s  o l d )  of  a s e e d l i n g  w i t h  
11 l e a v e s .
a )  d i s t r i b u t i o n  of  s t o m a t a  (x 5 2 0  ) .
b ) e n l a r g e d  v i e w  of  a (x 1 1 5 1 ) .
c )  a p e r t u r e  s t r u c t u r e  of  s t o m a t a  (x 2 7 3 5 ) .
d)  a p e r t u r e  s t r u c t u r e  of  s t o m a t a  (x 5 4 7 0 ) .
I
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P l a t e  5
SEM
s t o m a t a l  m a t u r a t i o n  of  u n i n f e c t e d  l e a v e s  
of  P i s t a c i a  v e r a .
d i s t r i b u t i o n  and  a p e r t u r e  s t r u c t u r e  of  
L e a f  8 (45  d a y s  o l d )  of  a s e e d l i n g  w i t h  
11 l e a v e s .
a )  d i s t r i b u t i o n  of  s t o m a t a  (x 500  ) .
b ) e n l a r g e d  v i e w  of  a (x 1 1 9 2 ) .
c )  a p e r t u r e  s t r u c t u r e  of  s t o m a t a  (x 4 1 6 7 ) .
d )  a p e r t u r e  s t r u c t u r e  of  s t o m a t a  (x 3 6 0 7 ) .
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4 .  R e s u l t
4 • 1  Gr owt h  i n  C u l t u r e
S.  P i s t a c i a r u m  d e v e l o p e d  on a l l  f o u r  m e d i a ,  OA, PDA,
CTA, SS,  b u t  t h e  mos t  g r o w t h  o c c u r r e d  on o a t  a g a r .  A f t e r  
5 - 7  d a y s  on o a t  a g a r  p y c n i d i a  we r e  f o r me d  and  c o n i d i a l  ma s s e s  
we r e  e x t r u d e d  shown i n  p l a t e  6 .
A my c e l i u m was f o r me d  on a l l  me d i a  b u t  p y c n i d i a l  
p r o d u c t i o n  was n o t  o b s e r v e d  on SS a g a r ,  p i g m e n t  p r o d u c t i o n  
on o a t  was  v i s i b l e  a f t e r  2 d a y s ,  t h e  c o l o u r  was i n i t i a l l y  
p i n k  b u t  t u r n e d  t o  d a r k  br own a f t e r  3 - 4  d a y s .  I n  PD a g a r  
t h e  p i g m e n t  was d a r k  brown t o  b l a c k  i n  c o l o u r .
C o m p a r i s o n  of  t h e  g r o w t h  on f o u r  d i f f e r e n t  me d i a  i s  shown 
i n  T a b l e  12 .
The o p t i mum t e m p e r a t u r e  2 2 ° - 2 6 ° c ,  and pH b e t w e e n  5 . 7 - 6 . 8  
w e r e  c h e c k e d  a s  b e i n g  a p p r o p r i a t e  f o r  g r o w t h  of  t h e  f u n g u s  i n  
t h e s e  s t u d i e s .
4 . 2  Mo r p h o l o g y  of  C o n i d i a  P r o d u c e d  i n  C u l t u r e .
The c o n i d i a  of  S.  P i s t a c i a r u m  gr own on OA we r e  m u l t i ­
c e l l e d ,  h y a l i n e ,  c u r v e d  and s e p t a t e .  The number  of  c e l l s  we r e  
e s t i m a t e d  ( T a b l e  13( C)  F i g  4)  and  r a n g e d  f r o m  3 -1 1  w i t h
a mode of  6 c e l l s  (5 s e p t a ) .
The o v e r a l l  s p o r e  l e n g t h s  a r e  shown i n  T a b l e  1 3 ( b )  F i g  5 
w i t h  a mode o f  6 0 - 7 0 /^  m. The l e n g t h s  of  t h e  i n d i v i d u a l  
c e l l s  was me a s u r e d  u s i n g  a s a mp l e  of  6 c e l l e d  c o n i d i a  i . e .  t h e  
moda l  c e l l  n u mb e r .
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The p r o x i m a l  c e l l  w i t h  t h e  f l a t  b a s a l  a t t a c h m e n t  s c a r  
was  i d e n t i f i e d  a s  c e l l  nOyl  and t h e  d i s t a l  t e r m i n a l  c e l l  was 
numbe r  Each  c e l l  was u n i n u c l e a t e .  The p r o x i m a l  c e l l  was
l o n g e r  t h a n  t h e  o t h e r  f i v e  c e l l s  (mean = 1 5 .1 3  jjm) wh i c h  
we r e  a p p r o x i m a t e l y  t h e  same s i z e  w i t h  mean l e n g t h s  w i t h i n  
t h e  r a n g e  of  10 -  1 2 - 15^m(Table 1 3 ( a )  F i g  6 ) .  The t a p e r  
of  t h e  s p o r e  was c o n f i n e d  t o  t h e  p r o x i m a l  and d i s t a l  c e l l s .  
The ma i n  a x i s  b e i n g  c y l i n d r i c a l  w i t h  a d i a m e t e r  of  mean = 
3 . 6 2  j jm.
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P l a t e  6
S.  p i s t a c i a r u m
5 d a y s  o l d  c u l t u r e  on o a t  a t  2 5 ° c .
a e r i a l  m y c e l i u m  (Am) ,  P y c n i d i a  w i t h  




T a b l e  12 Gr owt h  on f o u r d i f f e r e n t  med i a  .
med ium m y c e l i a l  d e n s  i t  y s p o r u l a t  i o n
o b s e r v â t  i o n  
of  c u l t u r e
Oat  Agar 4- + + + + p i n k  t u r n e d  
i n t o  b l a c k
PD Agar 4-4- + + + d a r k  br own 
t u r n e d  i n t o  
b l a c  k
C a r r o t
Agar
+ + r e d  t o  d a r k  
b r  own
SS Agar + + w h i t e  t u r n e d  
i n t o  b l a c k
+++ e x c e l l e n t  




T a b l e  13 S p o r e  c h a r a c t e r i s t i c s .
a )  mean l e n g t h  + s t a n d a r d  e r r o r  of  i n d i v i d u a l  c e l l s  
of  s i x  c e l l e d  s p o r e s  ( n =1 1 5 )
P o s i t i o n  of  mean + s t a n d a r d  e r r o r
c e l l  " ( A m )
1 ( b a s e ) 1 5 .1 3 + 0 .1 7
2 1 2 . 1 5 + 0 .1 4
3 1 0 . 6 4 + 0 . 2
4 1 0 . 5 4 + 0 . 1 9
5 1 0 . 8 6 + 0 . 1
6 ( a p e x ) 1 2 . 0 6 + 0 .1 7
b)  mean o v e r a l l  l e n g t h  + s t a n d a r d  e r r o r  of  
s i x  c e l l e d  s p o r e
number  of  mean - s t a n d a r d  e r r o r
s p o r e  = n (um)
100 7 5 . 9 8  i  0 . 7 5
c )  mean -  s t a n d a r d  e r r o r  of  c e l l  number
i n  s p o r e
number  of  
s p o r e = n
mean - 
c e l l
s t a n d a r d  e r r o r  of  
number  p e r  s p o r e













C e l l  number
Fi g  4 C e l l  number  p e r  s p o r e







10040 50 60 70 80 90
S p o r e  l e n g t h  (pm)
F i g  5 S p o r e  l e n g t h





























Fi g  6
c e l l  1
c e l l  2
O
c e l l  3
n
c e l l  4
c e l l  5
n
c e l l  6
10 11 12 13 14
c e l l  l e n g t h  (um)
15 16 17
I n d i v i d u a l  c e l l  l e n g t h  of  6 c e l l e d - s p o r e  
Fr e qu e n c y  (%) h i s t o g r a m .
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A.3. R e l a t i o n s h i p  of  s p o r e  l e n g t h  and t h e  number  of  c e l l s
A g r a p h i c a l  a n a l y s i s  of  s p o r e  l e n g t h  and c e l l  
number  s hows  t h a t  t h e r e  i s  a f i x e d  r e l a t i o n s h i p  b e t w e e n  
t h e  t wo  v a r i a b l e s .  The d a t a  f r o m 100 s p o r e s  f r o m  an o a t  
a g a r  c u l t u r e  ( T a b l e  14)  s hows  t h a t  f o r  e a c h  c e l l  n u mb e r /  
s p o r e  a s m a l l  a p p r o x i m a t e l y  n o r ma l  d i s t r i b u t i o n  of  c e l l  
l e n g t h  i s  f o u n d  ( T a b l e  14)  i . e .  t h e  d a t a  s hows  a 
b i v a r i a t e  n o r ma l  d i s t r i b u t i o n .  The o v e r a l l  d a t a  c a n  be 
f i t t e d  by t h e  r e g r e s s i o n  l i n e
y = 0 . 8 1  + 0 . 0 7 4  x
wh e r e  y = c e l l  number  and x = s p o r e  l e n g t h .
A s a mp l e  of  100 s p o r e s  f o r  a s i n g l e  p y c n i d i u m  
p r o d u c e d  on SS a g a r  b u t  a d j a c e n t  t o  t h e  o r i g i n a l  i n o c u l u m
w h i c h  came f r o m an o a t  a g a r  c u l t u r e  ( T a b l e  15)  showed
t h e  same v v a l u e  (v = 0 . 7 )  and a p l o t  of  t h e  mean c e l l  
number  v a l u e s  a g a i n s t  c e l l  l e n g t h  ( F i g  7)  s hows  t h e  
s l o p e  of  t h e  t wo l i n e s  a r e  a p p r o x i m a t e l y  t h e  s a me .
S i n c e  t h e  moda l  number  of  c e l l s  l i e s  b e t w e e n  6 and 









50 s p o r e  l e n g t h  um 100
O ■ SS a g a r
y = 0 . 8 1 + 0 . 0 7 4 X y = 0 . 1 4 + 0 . 065x
n = 100 n = 97
r = 0 . 7 3 * * * = 0 . 7 0 * * *
= 54% 49%
F i g  7 R e l a t i o n s h i p  b e t w e e n  s p o r e  c e l l  and number o f  c e l l s  
f o r  c u l t u r e s  g r o wn  on o a t  and SS a g a r .
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T a b l e  14 S p o r e  l e n g t h  and c e l l  number  of  c o n i d i a  f r om
o a t  a g a r
l e n g t h  
um ( X )
c e l l s / s p o r e  ( y)  
5 6 7
44
4 9 . 5  
55
6 0 . 5  
6 6 . 0
7 1 . 5  
77
8 2 . 5  
88
9 3 . 5  
9 9 . 0
1 0 4 . 5











5 . 8 5
6 . 3 6




8 . 0  
8 . 0
mean s p o r e  l e n g t h  
mean c e l l  number
= 7 6 . 7  -  2 . 2  um
= 6 . 1 2  t  0 . 2
ANOVA Ho:  p=o
V =
y =
0 . 7 3 3 5  
1 . 1 4  + 0. 074X
S o u r c e df SS MS F P
C o r r e l a t i o n 1 5 4 . 3 3 5 4 . 3 3 1 1 5 . 6 0 . 0 0 1
R e s i d u a l 98 4 6 . 6 0 . 4 7
T o t a l 99
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T a b l e  15 S p o r e  l e n g t h  and c e l l  number  of  c o n i d i a  f r o m
SS a g a r
l e n g t h c e l l s / s p o r e  (y)
um (x ) 5 6 7 8 9 ÿ
4 5 . 8 1 5
4 9 . 4 0 _
5 2 . 9 0 _
5 6 . 5 1 5
6 0 . 0 3 5
6 3 . 5 2 2 1 5 . 8
6 7 . 1 2 1 0 5 . 3
7 0 . 6 2 9 0 5 . 8
7 4 . 1 7 8 1 6 . 6
7 7 . 6 9 6 3 6 . 9
8 1 . 2 7 5 2 6 . 6
8 4 . 7 1 6 4 7 . 3
8 8 . 2 1 3 2 1 7 . 4
9 1 . 8 0 3 0 8 . 0
9 5 . 3 2 1 1 7 . 8
mean s p o r e l e n g t h = 7 8 . 6 8 + 1 . 0 2  um
mean c e l l number = 6 . 5 9 + 0 . 1 8
0 . 7 0
49%
0 . 8 1 + 0 . 0 6 5 X .
ANOVA Ho; p=o
S o u r c e d f SS MS F P
C o r r e l a t i o n 1 4 3 . 7 4 3 . 7 1 5 6 . 1 0 . 0 0 1 ,
R e s i d u a l 95 2 6 . 9 0 . 2 8
T o t a l 96
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4 . 4 .  S p o r e  g e r m i n a t i o n  on n a t u r a l  and s y n t h e t i c  m e d i a .
S p o r e  g e r m i n a t i o n  was m e a s u r e d  on v a r i o u s  s e m i ­
s o l i d  me d i a  and t h e  same me d i a  w i t h o u t  a g a r  a d d i t i o n .
The wo r k  of  C h i t z a n d i s  ( 1 9 5 7 )  had shown t h a t  o a t  me a l  
a g a r  was s u i t a b l e  f o r  g r o w t h  and m a t u r a t i o n  and t h i s  
medi um was c o mp a r e d  w i t h  p o t a t o  d e x t r o s e ,  c a r r o t  j u i c e  
and a s y n t h e t i c  medium (SS)  i n  wh i c h  t h e  c a r b o n  was 
s u p p l i e d  a s  g l u c o s e  and t h e  n i t r o g e n  a s  a s p a i ^ g i n e .
S p o r e  g e r m i n a t i o n  was e s t i m a t e d  a s  t h e  p r o d u c t i o n  
of  a g e r m - t u b e ;  t h e  f a t e  of  t h e  g e r m - t u b e  i . e .  w h e t h e r  
i t  be c a me  a h y p h a l  i n i t i a l  or  a s e c o n d a r y  c o n i d i u m ,  was 
n o t  d e t e r m i n e d .  R e s u l t s  a r e  t h e  mean of  t wo  d e t e r m i n ­
a t i o n s  of  2 - 3 0 0  s p o r e s / s a m p l e .
On s o l i d  me d i a  a l l  t h e  g e r m i n a t i o n  c u r v e s  s howed 
t h e  g e n e r a l  o g i v a l  f o r m  w i t h  s h o r t  l a g  t i m e s  of  3 - 4  h o u r s .  
The G50 t i m e s  f o r  t h e  n a t u r a l  me d i a  o a t ,  PD and c a r r o t  
r a n g e d  b e t w e e n  7 - 8  h o u r s  ( F i g  8 ) .
I n  l i q u i d  me d i a  t h e  o g i v a l  c u r v e  was t r a n s l a t e d  by 
+14 h o u r s  on n a t u r a l  and s y n t h e t i c  medi um.  I n  o a t  and 
c a r r o t  me d i a  t h e  G50 was 2 0 - 2 4  h o u r s  r e s p e c t i v e l y .  The 
SS c u r v e  t h o u g h  n o t  s howi ng  t h e  same maximum r a t e  a s  t h e  
n a t u r a l  me d i a  s u p p o r t e d  e f f e c t i v e  g e r m i n a t i o n  w i t h  a G50 
of  a p p r o x  2 9 - 3 0  h o u r s .  The a d d i t i o n  of  y e a s t  e x t r a c t  or  
c a s e i n  h y d r o l y s a t e  or  b o t h  t o  SS s howed a f a s t  r a t e  of  
g e r m i n a t i o n  ( F i g  9) c o m p a r a b l e  t o  t h e  n a t u r a l  me d i a .
The r e m o v a l  of  p h o s p h a t e  f r o m t h e  SS medium s howed an
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i n c r e a s e d  l a g  p h a s e  on b o t h  s o l i d  and l i q u i d  SS medi um.  
The G50 on s e m i  s o l i d  was 21 h r s , i n  l i q u i d  t h e  G50 was 
r e a c h e d  a f t e r  an e s t i m a t e d  46 h o u r s  ( F i g  1 0 ) .  The 
g r o w t h  of  t h e  s p o r e  a x i s  on SS- P was e x t e n s i v e  and t h e  
l o n g  l a g  p h a s e  r e p r e s e n t e d  t h i s  p e r i o d  of  a x i s  g r o w t h  








( o )  Ca r r o t
20
12 16  
Time ( h o u r s )
20 22
F i g  8 (*)  g e r m i n a t i o n  o f  S_
s o l i d  medi a  a t  25 c .













4 23 0 3 62 418.12
Time ( h o u r s )
F i g  9 (%) g e r m i n a t i o n  o f  S .  p i s t a c i a r u m  i n














Ti me ( h o u r s )
F i g  10 {%)  g e r m i n a t i o n  o f ^ $ .  p i s t a c i a r u m .  i n
l i q u i d  me d i a  a t  25 c .
(O) SS + y e a s t  
( # )  SS + c a s e i n
( □)  SS + y e a s t  + c a s e i n  
( ■ )  SS -  p
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4 . 5 . S p o r e  g e r m i n a t i o n  i n  s y n t h e t i c  medium w i t h  v a r i o u s  
n i t r o g e n  s o u r c e s .
The s u c c e s s f u l  g e r m i n a t i o n  of  c o n i d i a  i n  SS
s.
a s p a r a g i n e  and S3 + c a s e i n  h y d r o l y s a t e  was f u r t h e r  i n v e s t i ­
g a t e d  u s i n g  58 a s p a r a g i n e  a s  a c o n t r o l  and 12 a m i n o - a c i d s  
a s  s i n g l e  n i t r o g e n  s o u r c e s .  I n  t h e  f i r s t  e x p e r i m e n t  a 
5 day  o l d  c u l t u r e  was  u s e d  a s  a s o u r c e  of  i n o c u l u m ,  i n  
t h e  s e c o n d  an o l d  c u l t u r e  ( 1 2 0  d a y s )  was u s e d .  V a l u e s  
a r e  e x p r e s s e d  a s  t h e  mean of  t wo  d e t e r m i n a t i o n s .  
G e r m i n a t i o n  was shown i n  a l l  me d i a  ( T a b l e  16 ,  F i g  1 1 ) .
The r e s p o n s e  t o  t h e  v a r i o u s  a m i n o - a c i d s  me a s u r e d  a g a i n s t  
53 a s p a ^ i n e  showed  t h a t  3 or  4 g r o u p s  c o u l d  be r e c o g n i s e d  
Gr oup  A p r o l i n e  and i s o l e u c i n e  ma t c h e d  t h e  e n h a n c e d  
g e r m i n a t i o n  i n 55 + c a s e i n .  Gr oup B,  c i t r u l l i n e ,  p h e n y l -  
a l a n i n e  and  m e t h i o n i n e  we r e  e g u i v a l e n t  t o  55 a s p a r a g i n e .  
Gr oup  C h i s t i d i n e  l y s i n e  t h r e o n i n e  g l y c i n e  t r y p t o p h a n e  
and h y d r  o x y p r o l i n e  wer e  l e s s  e f f i c i e n t  t h a n  55 a s p a r a g i n e  
and  Gr oup  D a r g i n i ne  wh i c h  showed a l o n g  l a g  p h a s e .
The t wo  e x p e r i m e n t s  d i f f e r e d  i n  t h e  r a t e  of  g e r m i n a t i o n  
t h e  o l d e r  s p o r e s  s h o wi n g  a u n i f o r m  i n c r e a s e  f o r  a l l  
n i t r o g e n  s o u r c e s  t e s t e d .
The g r o w t h  p a t t e r n  shown by h i s t i d i n e  was a l t e r e d  
w i t h  r e s p e c t  t o  Gr oup A and Gr oup  B n i t r o g e n  s o u r c e s  and 
f u r t h e r  e x p e r i m e n t s  we r e  s e t  up t o  e x p l o r e  t h e  d i f f e r ­
e n c e s  s h o wn .
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T a b l e  16
i n  s y n t h e t i c  medium w i t h  
s o u r c e s .
a
v a r  i o u s n i t r o g e n
medi um G e r m i n a t i o n  t i m e  ( h r s ) Gr oup
15 18 21
55 6 . 5 11 22 B
c a s e  i n 25 3 5 . 5 67 A
c i t r u l l i n e 10 22 2 7 . 5 B
p r o l i n e 1 8 . 5 35 49 A
i s  o l e u c  i n e 14 3 5 . 5 43 A
p h e n y l  a l a n i n e 7 8 17 B
m e t h i o n  i n e 6 9 17 B
h i s t  i d i n e 1 - 11
l y s  i n e 1 - 8
t h r e o n i n e 2 - - C
g l y c  i n e 1 . 5 - -
t r y p t o p h a n e 1 . 5 - -
h y d r o x y  p r o l i n e 2
b
med ium h r s
18 21 24 36 Gr oup
55 4 2 2 . 5 35 90 B
c a s e i n  4 24 38 98 A
c i t r u l l i n e  1 5 14 71 B
p r o l i n e  5 1 1 . 5 3 5 . 4 99 A
p h e n y l a l a n  i ne  1 4 7 B
l y s i n e  , 8 10 73 ch i s t  i d  i n e







—  50 [Solid symbols: Expt. 1] 





Fig, i i  S. pistaciarum % germination of conidia in synthetic liquid medium 
with various nitrogen sources at 25 C.
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4 . 6 .  S p o r e  G e r m i n a t i o n  on D i f f e r e n t  Medi a
The g e r m i n a t i o n  of  s p o r e s  w^ Lb f o l l o w e d  on f o u r  
d i f f e r e n t  me d i a  SSM, S S - P ,  H i s t i d i n e ,  Oa t  u s i n g  t h e  m i c r o -  
ma n i  p u l a t i o n  c h a mb e r  ( Met hod  2-56>i i) , A s a mp l e  of  10 s p o r e s  
f r o m  a 6 day  o l d  c u l t u r e  w2l5 i s o l a t e d  o n t o  e a c h  of  t h e  f o u r
d i f f e r e n t  me d i a  and i n c u b a t e d  a t  2 5 ° c ,  d r awn  w i t h  a c a me r a
l u c i d a  and  p h o t o g r a p h e d  u s i n g  a L e i t z  p h o t o m i c r o s c o p e .  The 
number  of  c e l l s  and t h e  number  of  g e r m t u b e s  we r e  c o u n t e d
( a t  0 ,  2 2 - 2 4 ,  3 6 - 3 8  h o u r s ) .
On SS t h e  ma i n  s p o r e  a x i s  i n c r e a s e d  i n  l e n g t h ,  t h i s  
i n c r e a s e  was due  t o  an i n c r e a s e  i n  c e l l  number  ( 5 . 6 - 1 9 . 0 6 -  
2 3 . 9 ) .  The number  of  l a t e r a l  g e r m t u b e s  i n c r e a s e d  o v e r  t h e  
l a s t  t wo  i n t e r v a l s  f r o m ( 0 - 9 . 8 - 1 4 . 9 ) .
On SS- P  t h e  mai n  s p o r e  a x i s  a l s o  i n c r e a s e d  i n  l e n g t h  and 
c e l l  n u mb e r s  ( 5 . 6 - 1 6 . 1 0 - 2  9 . 9 0 ) ;  l a t e r a l  ge r m t u b e  p r o d u c t i o n  
was l ow and o n l y  occul t ed  a f t e r  36 h o u r s  ( 0 - 0 . 1 - 2 . 1 0 ) .
On H i s t i d i n e  t h e  mai n  a x i s  i n c r e a s e d  i n  l e n g t h ,  and 
c e l l  number  ( 5 . 3 - 9 . 1 0 - 1 4 . 4 ) .
On Oa t  t h e  mai n  a x i s  i n c r e a s e d  i n  l e n g t h  and c e l l  number  
( 6 - 1 5 . 5 - 1 0 ) ,  g e r m t u b e  p r o d u c t i o n  was l ow ( 0 - 1 . 8 - 6 . 3 ) .  A 
c o m p a r i s o n  of  ge r m t u b e  p r o d u c t i o n  s howed t h a t  i n  S S - P ,  
H i s t i d i n e ,  Oa t  me d i a  g e r m t u b e  p r o d u c t i o n  was l o w e r  t h a n  i n  
SS ( T a b l e  1 7 a , b )  F i g  12 .
On a l l  me d i a  t h e r e  was an i n c r e a s e  i n  s p o r e  a x i s  l e n g t h  
( T a b l e  1 7 ) .  T h a t  was due  t o  t h e  d i v i s i o n  of  t h e  a x i s  c e l l s .  
I n  SS t h e  number  of  c e l l s  i n c r e a s e d  f r o m  ( 5 . 7 - 2 3 . 9 )  w i t h  36 
h o u r s  p e r i o d  of  i n c u b a t i o n .
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I n  c o n t r a s t  t h e  number  of  c e l l s  a l o n g  t h e  mai n a x i s  was 
l o w e r  t h a n  SS,  on H i s t i d i n e  and Oat  A g a r .  The maximum 
r e d u c t i o n  oc c ur r i ng  on h i s t i d i n e ;  t h e  number  of  c e l l s  we r e  
r e d u c e d  by 40% on S S - P ,  t h e  number  of  c e l l s  we r e  i n c r e a s e d  
by 25% w i t h  r e s p e c t  t o  SS.  The number  of  ge r m t u b e s  was 
r e d u c e d  i n  c o m p a r i s o n  t o  SS.  The l o w e s t  r e d u c t i o n  by 86% 
was  s hown by S S - P .  H i s t i d i n e  was r e d u c e d  by 46% and Oat  by 
58%.
The r e l a t i o n s h i p  b e t w e e n  t h e  number  of  c e l l s  i n  t h e  a x i s  
and  t h e  number  of  ge r m t u b e s  p r o d u c e d  s h o we d ;
 ^ - c c e s s  = : : : :  ><
P e r c e n t a g e  of  s u c c e s s  i n  H i s t i d i n e  was t h e  h i g h e s t  w i t h  
90 . 22% w i t h  r e s p e c t  t o  SS and  SS- P was  t h e  l o w e s t  w i t h  11 . 29% 
a f t e r  3 6 - 3 8  h o u r s  i n c u b a t i o n  ( T a b l e  18c ) .  F i g  12 .
A s e l e c t i o n  of  i l l u s t r a t i o n s  of  t h e  s t a g e s  of  g r o w t h ,  
of  3 s e t s  of  f o u r  s p o r e s  g r own  on o a t ,  S S , SS ( H i s t i d i n e )  
a r e  shown i n  P l a t e s  7 , 8 , 9 .  The mode of  a x i s  g r o w t h ,  a x i s  
c u r v a t u r e  and i n s e r t i o n  of  g e r m t u b e s  c o n f o r m  t o  t h e  v a l u e s  
s e t  o u t  i n  T a b l e s  1 7 , 1 8 .
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T a b l e l ?  s p o r e  g e r m i n a t i o n  d a t a  i n  d i f f e r e n t  
m e d i a  a t  25 c
^ ) Mean -  s t a n d a r d  e r r o r  f o r  v a l u e s  of  
c e l l s '  n u mb e r  ( n = l 0)
T ime 
( h r s  ) SS S S - P H i s t i d i n e Oat
0
2 2 - 2 4
3 6 - 3 8
5 . 6 0 Î 0 . 1 6
1 9 . 0 6 Î 0 . 6
2 3 . 9 0 Î 0 . 5 3
5 . 6 Î 0 . 3 7
1 6 . 1 Ï 0 . 4 3
2 9 . 9 Î 1 . 0 4
5 . 3 - 0 . 3  
9 . 1 Î Q . 6 4  
1 4 . 4 i o . 6 8
6 . 0 i 0 . 3  
1 4 . 4 i o . 8 8  
1 9 . o i l . 02
b ) Mean - s t a n d a r d  e r r o r  f o r  v a l u e s  of  
g e r m  t u b e s  ( n = l Q )
T ime 
( h r s  ) SS S S - P H i s t  i d  i n e Oat
0
2 2 - 2 4
3 6 - 3 8
0
9 . 8 i o . 96 
1 4 . 9 i 0 . 7 7
0
0 . l i 0 . 1 2
2 . l i 0 . 2 5
0
4 , 6  i o . 3 7  
8 . 1 0 i o . 4 3
0
1 . 8 i 0 . 4 7
6 . 3 i 0 . 6 2
c )  % of  s u c c e s s  w i t h  t h e  % v a l u e  of  SS a s  c o n t r o l
T ime SS SS- P H i s t  i d  i n e Oat
2 2 - 2 4
3 6 - 3 8
100
100
1 . 1 9
1 1 . 2 9
9 8 . 0 5
9 0 . 2 2
2 2 . 5 0
5 3 . 1 8
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(Contd.  ) Tab l e  18 s p o r e  g e r m i n a t i o n  d a t a  i n  d i f f e r e n t
me d i a  a t  25 c
a ) % g e r m t u b e  (% v a l u e s  of  SS a s  t h e  c o n t r o l )
T ime SS SS- P H1 s t  i d  i n e Oat
2 2 - 2 4




1 4 . 8 9
4 6 . 9 3
5 4 . 3 6
1 8 . 3 6
4 2 . 2 8
b ) % c e l l  numbe r  {% v a l u e s  of  SS a s  t h e  c o n t r o l )
T ime SS SS- P H i s t  i d i n e Oat
2 2 - 2 4 100 84 4 7 . 7 4 8 1 . 5 8
3 6 - 3 8 100 125 6 0 . 2 5 7 9 . 4 9
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F i g  12
s p o r e  g e r m i n a t i o n  on d i f f e r e n t  me d i a  a t  
2 5 ° c  ( S . p i s t a c i a r u m ) .
a )  numbe r  of  c e l l s / s p o r e
b)  numbe r  of  g e r m t u b e s / s p o r e s
c )  r a t i o  of  p e r c e n t a g e  s u c c e s s  
( SS m a s  c o n t r  o l ) .
O-SSm 
# —S S - p  
□— Oat









Time ( h o u r s )
■ '
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P l a t e  7
a - d  mode of  g e r m i n a t i o n  of  4 s p o r e s  
o f  S .  p i s t a c i a r u m  on Oat  a t  0 h o u r s ,  
24 h o u r s  and  J8  F o u r s ,  (x 5 5 0 ) .
Twi n g e r m t u b e s  (TGJ 
i  Twi n g e r m t u b e s ( c )  
S e p t a t e  h y p h a e ( H. J
\a -3 8




C -2 4 C -38
d —0 d - 3 8
8 8
P l a t e  8
a - d  mode of  g e r m i n a t i o n  o f  4 s p o r e s  
of  S .  p i s t a c i a r u m  on SS a t  0 h o u r s ,  
24 h o u r s  a nd  38 h o u r s ,  (x 4 3 0 )
Twi n  g e r m  t u b e s  TG.  
i  Twi n  g e r m  t u b e s  G.  
S e p t a t e  h y p h a e  H.
a - 3 8a - 2 4
b - 3 8 1
d “ 0
/  4  \ \
d - 2 4 \ \
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P l a t e  9
a - d  mode of  g e r m i n a t i o n  o f  4 s p o r e s  
of  S .  p i s t a c i a r u m  on SS ( H i s t i d i n e )  
a t  0 h o u r s ,  2 4 h o u r s ,  38 h o u r s ,  (x 6 5 0 )  
a - 0 ,  b - 0 ,  c - 0 ,  d - 0  ( x 3 0 0 ) .
Twi n g e r m t u b e s  TG.  
i  Twi n g e r m t u b e s  G.
S e p t a t e  h y p h a e  H.
a - 0
J
a - 2 4 a - ^ 8
b —0 b —24 b - 3 8
c - 0






d - 2 4
J!
d -3 8 .
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4 . 7 .  Vol ume I n c r e a s e  d u r i n g  G e r m i n a t i o n .
The s i z e  and v o l u me  i n c r e a s e  d u r i n g  g e r m i n a t i o n  was 
d e t e r m i n e d  by u s i n g  t h e  c o u l t e r  c o u n t e r  " I n d u s t r i a l  Model  
ZB w i t h  c o i n c i d e n c e  a d a p t o r  w i t h  t h e  100  m a p e r t u r e  t u b e " .
F r e s h  s p o r e s  we r e  m e a s u r e d  a s  t h e  c o n t r o l  and  g e r m i n ­
a t i o n  was  f o l l o w e d  i n  t h r e e  d i f f e r e n t  me d i a  (SSM,  S S - P ,
SS ( H i s t i d i n e ) .  The s u s p e n s i o n  was made a s  i n  met  h od 2 -sn ‘ii , 
t h e  c u l t u r e s  we r e  gr own a t  2 5 ° c  i n  t h e  o r b i t a l  s h a k e r .  The 
ma n o me t e r  was f i l l e d  w i t h ^ s a m p l e  w h i c h  was s t i r r e d  c o n t i n u o u s l y  
t o  p r e v e n t  t h e  s p o r e s  s e t t l i n g  o u t  and  0 . 5  ml of  t h e  s a mp l e  
was c o u n t e d  i m m e d i a t e l y  t o  p r e v e n t  t h e  p o s s i b i l i t y  of  s h r i n k a g e  
o c c u r r i ng  i n  t h e  0. 5% N a d .  Two r e p l i c a t e s  f o r  e a c h  t r e a t m e n t
we r e  s e t  u p .  The s p o r e  number  f o r  e a c h  s i z e  c a t e g o r y  ( s i z e
- 3 3wi ndow)  was  e s t i m a t e d  u s i n g  a r a n g e  of  v o l u m e s  ( 0 . 0 5  x 10 m 
— 3 3t o  6 0 .  00 X 1 0 ” y£.[m ) .  The number  of  s p o r e s  i n  e a c h  vo l ume  
wi ndow we r e  e s t i m a t e d  and  r e c o r d e d  a s  a p e r c e n t a g e  of  t h e  t o t a l  
s p o r e  number  ( T a b l e  1 9 ) .  The d a t a  we r e  p l o t t e d  a s  a l o g
p e r c e n t a g e  a g a i n s t  vo l u me  c a t e g o r y  and  s a m p l e s  we r e  t a k e n  a t  
f o u r  t i m e  i n t e r v a l s .  The p e r c e n t a g e  g e r m i n a t i o n  was a l s o  
m e a s u r e d  ( T a b l e  2 0 ) .  The s t a g e s  of  s p o r e  d e v e l o p m e n t
e x a m i n e d  i n  t h i s  e x p e r i m e n t  we r e  f r e s h  s p o r e s  ( d o r m a n t ) ,  
s w o l l e n  s p o r e s  and g e r m i n a t e d  s p o r e s .
SSM: a t  0 t i m e  s a m p l e  was t a k e n  a s  t h e  c o n t r o l  F i g  I f  .
The v o l u me  l a y  b e t w e e n  0 . 1 - 0 . 8 ^ t m ^  x 1 0 ” ^ and t h e  p e a k  v o l u me
3 3l a y  b e t w e e n  0 . 2 - 0 , 4 ^ t m  x 1 0 ” . A f t e r  18 h o u r s  t h e  s p o r e s  
s t a r t e d  t o  s w e l l  and  t h e  vo l u me  i n c r e a s e d ,  t h e  p e a k  s h i f t e d  
upwar d  t o  0 . 8 - 1 . 6 ^fm^ x 1 0 ” ^ ( s w o l l e n  s p o r e s ) .  A f t e r  24 h o u r s
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t h e  v o l u m e  i n c r e a s e d  and v o l u me  r a n g e  was  b e t w e e n  0 . 4 - 1 . 6 ^ m  
X 10 and  t h e  v o l u me  p e a k  h a s  i n c r e a s e d  t o  1 . 6 - 3 y ^ m  x 1 0 ” .
At  t h i s  t i m e  t h e  20% h a s  o c c u r r e d  ( g e r m i n a t e d  s p o r e s ) .  A f t e r  
30 h o u r s  t h e  p e r c e n t a g e  g e r m i n a t i o n  was g r e a t e r  t h a n  70% 
and s e c o n d a r y  s p o r e s  we r e  p r o d u c e d ;  a t  42 h o u r s  (92% g e r m i n ­
a t i o n )  a b i m o d a l  d i s t r i b u t i o n  of  v o l u me  s i z e  was o b s e r v e d .
3 — 3Vol ume r a n g e  was b e t w e e n  0 . 1 - 0 . 8 y w m  x l O ” and a p e a k  a t  
3 — 30. 2-0. 4yW,  m X 10 r e p r e s e n t i n g  s e c o n d a r y  s p o r e s  a n d  a p e a k  
3 — 3a t  1 . 6 -3 y {  m x 10 wh i c h  r e p r e s e n t e d  t h e  s w o l l e n  and g e r m i n ­
a t e d  s p o r e s .  The r e p l i c a t e  i n  t h i s  e x p e r i m e n t  shows  a p p r o x ­
i m a t e l y  t h e  same r e s u l t .  ( F i g  13 ,  1 4 ) .
S S - P :  a f t e r  18 h o u r s  s p o r e  vo l u me  i n c r e a s e d  and t h e  vo l ume  
r a n g e d  b e t w e e n  0 . 0 5 - 3  m^  w i t h  a p e a k  vo l ume  a t  0 . 8 - 1 . m^  x 
1 0 ” ^ .  A f t e r  24 h o u r s  v o l u me  r a n g e d  b e t w e e n  0 . 4 - 3 / ! m^  x 10  ^
and  p e a k  v o l u me  was t h e  same a s  a t  18 h o u r s ,  a t  t h i s  t i m e  o n l y  
4% g e r m i n a t i o n  o c c u r r e d .  A f t e r  38 h o u r s  t h e  v o l u me  r a n g e  
i n c r e a s e d  0 . 4 - 1 5 / z m ^  x 1 0 ” ^ and  t h e  v o l u me  p e a k  s h i f t e d  upwar d  
t o  1 . 6 - 3  m^  X 1 0 ” ^ .  No i n d i c a t i o n  of  s e c o n d a r y  s p o r e s  we r e  
f o u n d .  The p e r c e n t a g e  g e r m i n a t i o n  a t  t h i s  t i m e  was  15%. A f t e r  
42 h o u r s  t h e  v o l ume  i n c r e a s e d  and t h e  vo l ume  p e a k  s h i f t e d  
upwa r d  t o  0 . 8 - 1 . 6 ^ m ^  x 10 ^ . ( F i g  1 5 ,  1 6 ) .
SS ( H i s t i d i n e ) :  a f t e r  18 h o u r s  t h e  vo l ume  i n c r e a s e d  and 
t h e  v o l u me  p e a k  s h i f t e d  upwa r d  t o  0 . 8 - 1 . 6 y i ( m  x 10 . A f t e r
24 h o u r s  (18% g e r m i n a t i o n  o c c u r r e d )  t h e  vo l ume  i n c r e a s e d  and 
r a n g e d  b e t w e e n  0 . 8 - 5  / ( m^  x l O ” ^ b u t  t h e  vo l u me  p e a k  l a y  be t we e i  
0 . 8 - 1 . 6 y ^ m ^  X 1 0 ” ^ .  A f t e r  38 h o u r s  t h e  p e a k  v o l u me  i n c r e a s e d
t o  3 - 5 j L i ^  X 1 0 " ^ .  At  t h i s  t i m e  p e r c e n t a g e  g e r m i n a t i o n  was 
g r e a t e r  t h a n  73%.  A f t e r  42 h o u r s  89% of  t h e  s p o r e  had g e r m i n ­
a t e d  .
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T h e r e  was  no i n d i c a t i o n  of  a b i m o d a l  d i s t r i b u t i o n  a s  i n  SSM 
a f t e r  42 h o u r s ,  i . e .  no s e c o n d a r y  s p o r e s  we r e  b e i n g  p r o d u c e d .  
The v o l u me  r a n g e  was b e t w e e n  0 . 1 - 1 0  um^ x 10 ^ w i t h  a p e a k  
v o l u me  b e t w e e n  3 - 5  um^ x 10 ^ . The p e a k  v o l ume  had i n c r e a s e d  
f r a c t i o n a l l y  o v e r  t h e  38 h o u r  v a l u e .  ( F i g  17 ,  1 8 ) .
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T a b l e  19 and 20 c o u l t e r  c o u n t e r  d a t a  
Vol ume d i s t r i b u t i o n  of  F r e s h  S p o r e s
n vo l u me
m^xl O"^
n %
0 10 0 0
0 7 . 5 0 0
0 5 0 0
19 3 19 0 . 2
27 1 . 6 8 0 . 1
174 0 . 8 147 1 . 8
3204 0 . 4 3030 3 8 . 4 8 = 3 8
71 3 0 0 .2 3926 4 9 . 8 6 = 5 0
7832 0 . 1 702 8 . 9
7873 0 . 0 5 41 0 . 5
( %) g e r m i n a t i o n  of  s p o r e s  i n  d i f f e r e n t  me d i a
a t  25 c
T ime S e t
SS
1 S e t  2
SS - p  
S e t  1 S e t  2
H i s t  i d  i n e  
S e t  1 S e t  2
18 2 0 0 0 0 0
22 5 4 0 0 5 8
25 20 22 9 6 15 20
38 79 80 15 14 69 75
42 82 89 28 25 80 84
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F i g s  13 , 1 4 , 1 5 , 1 6 , 1 7 , 1 8  s p o r e  g e r m i n a t i o n
c h a n g e s  i n  s p o r e  vo l ume  a t  t i m e  
i n t e r v a l s  i n  d i f f e r e n t  m e d i a .
F i g  1 3 , 1 4  5 5
F i g  1 5 , 1 6  S S - p





F i g  13 ( S S ) S e t  1














18 h o u r s
24 h o u r s
38 h o u r s
0 . 0 5  0 . 1 0 . 2  0 . 4  0 . 8




F i g  14 ( SS)
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42 h o ur s
0 . 0 5  0 . 1  0 : 2  0 . 4  0 . 8
s p o r e  vo l ume  (
1 . 6
m3 X 1 0 ' 3 )
7 . 5
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42 h our s
40
20
0 . 0 5
s p o r e  v o l u me  ( x 1 0 - 3 )





0 h o ur s









2 0  •
60







0 . 0 5 0 . 1 0 . 2 0 . 4 0 . 8 1 . 6-3s p o r e  v o l ume  ( ^m x 10 )
■5 - r t r
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38 h our s
40
20
0 . 40 . 0 5 0 . 2
3 3





















24 h o ur s
38 h our s
0 . 0 5  0 . 1  0 . 2  0 . 4  0 . 8




1 0 " ^ )
7 . 5  10
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4 .8 .  K i n e t i c s  o f  S p o r e  G e r m i n a t i o n
I n d i v i d u a l  m e a s u r e s  o f  h y p h a l  l e n g t h ,  numbe r  o f  t i p s ,
HGL) a nd  i n i t i a l  t i m e  o f  g e r m t u b e  f o r m a t i o n  showed  v a r i a t i o n  
i n  a l l  m e a s u r e s  b e t w e e n  e a c h  s p o r e ,  d e p e n d i n g  on t h e  t i m e  of  
g e r m i n a t i o n .  I n  a s a m p l e  of  f o u r  i n d i v i d u a l  s p o r e s ,  s p o r e  
l e n g t h  v a r i e d  b e t w e e n  7 6 - 8 0 j^m.  The i n i t i a l  t i m e s  of  g e r m 
t u b e  p r o d u c t i o n  w e r e  b e t w e e n  1 2 -1 7  h o u r s .  A f t e r  31 h o u r s  
h y p h a l  l e n g t h  r a n g e d  f r o m  1 3 6 7 - 2 4 0 0 ^ m .  The t o t a l  number  of  
t i p s  was  b e t w e e n  2 9 - 4 6 .
A p l o t  of  t h e  t o t a l  h y p h a l  l e n g t h  f o r  t h e  f o u r  i n d i v i d u a l  
s p o r e s  s h o ws  t h a t  t h e  s l o p e s  o f  t h e  l i n e s  a r e  a p p r o x i m a t e l y  
p a r a l l e l  and  i n d i c a t e s  t h e  same s p e c i f i c  r a t e ,  t h e  p o s i t i o n  
of  t h e  l i n e  d e p e n d i n g  on t h e  t i m e  o f  g e r m i n a t i o n .  ( F i g  1 9 ) .
I n  o r d e r  t o  p r e s e n t  t h e  o v e r a l l  d a t a  t h e  mean v a l u e  f o r  
a l l  t e n  c o l o n i e s  w e r e  c a l c u l a t e d  and  a r e  shown i n  f i g  2 0 .  
and  t a b l e  21 . The H. G. U v a r i e d  3 0 - 6  0 jul in, t h e  o v e r a l l
g r o w t h  o f  t h e  m y c e l i u m  b e c a me  e x p o n e n t i a l  a f t e r  22 h o u r s .
The mean s p o r e  l e n g t h  a t  t i m e  0 was 7 9 . 2 - 8 4  /^m and  i n c r e a s e d  
t o  2 0 5 . 4 0  /Am when a l l  t e n  s p o r e s  had  g e r m i n a t e d .  The mean 
t o t a l  h y p h a l  l e n g t h  i n c r e a s e d  t o  1 7 2 9 .  1 /Am a f t e r  31 h o u r s .
The nu mb e r  o f  t i p s  s howe d  a s t e p - w i s e  p r o g r e s s i o n .  Ti p  
p r o d u c t i o n  was  s l o w  and s t e p  w i s e  up t o  22 h o u r s  and beca me  
c o n t i n u o u s  & e x p o n e n t i a l  a f t e r  22 h o u r s . T h e  t o t a l  h y p h a l  l e n g t h  
and  t h e  numbe r  o f  t i p s  i n c r e a s e d  e x p o n e n t i a l y  b u t  t h e  s l o p e s  
o f  t h e  t wo  m e a s u r e m e n t s  w e r e  n o t  p a r a l l e l .
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The i n i t i a l  t i m e  o f  g e r m t u b e  i n i t i a t i o n  s howe d  t h a t  one 
s p o r e  s t a r t e d  t o  g e r m i n a t e  a f t e r  10 h o u r s ,  a f t e r  14% h o u r s  
7 of  t h e  10  s p o r e s  had  g e r m i n a t e d .  A l l  s p o r e s  had  g e r m i n a t e d  
a f t e r  18 h o u r s  w i t h  a G50 of  a p p r o x i m a t e l y  13 h o u r s .
I n  o r d e r  t o  r e l a t e  t h e  e x a c t  b e h a v i o u r  of  e a c h  of  t h e  10 
h y p h a l  s y s t e m s  t o  e a c h  o t h e r ,  t h e  d a t a  f o r  e a c h  my c e l i u m was  
p l o t t e d  a s  an  i n d i v i d u a l  g r a p h .  A s t a n d a r d  h y p h a l  l e n g t h  of  
2 0 0  /Am was  s e l e c t e d  and  t h e  g r a p h s  w e r e  t h e n  s u p e r i m p o s e d  
by l a t e r a l  t r a n s l a t i o n  t o  t h i s  s t a n d a r d  p o i n t ,  a l l  t h e  v a l u e s  
we r e  t h e n  p l o t t e d  f o r  h y p h a l  l e n g t h  and  number  o f  t i p s  a s  a 
m a s t e r  g r a p h  ( F i g  21 ) ,  The d a t a  s howe d  t h a t  h y p h a l  l e n g t h  
be c a me  e x p o n e n t i a l  a f t e r  22 h o u r s  and  t h e  numbe r  o f  t i p s  a l s o  
be c a me  e x p o n e n t i a l  a f t e r  22 h o u r s ,  a l s o  t h e  s l o p e s  of  t h e  t wo 
m e a s u r e m e n t s  w e r e  n o t  i d e n t i c a l .
A s e l e c t i o n  of  i l l u s t r a t i o n s  of  m y c e l i a l  g r o w t h  a r e  
s hown i n  F i q  2 2 .
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T a b l e  21 I n c r e a s e  of  m y c e l i a l  l e n g t h  and  number  
of  h y p h a l  t i p s  and  numbe r  of  g e r m i n a t e d  
s p o r e / 1 0  s p o r e s  on SS a t  2 5 ° c
T ime 
( h o u r s )
M y c e l i a l  
l e n g t h  
i n  /jm
No of  
T i p s H G U.
No of
g e r m i n a t e d
s p o r e /
10 s p o r e s
0 7 9 , 2 0 ±  2 . 3 2 2 . o o i o . o 3 9 . 6 0 i l . l 6 0
8 9 2 . 6 0 -  2 . 1 8 2 . o o i o . o 4 6 . 2 0 i l . l 3 0
10 1 1 3 . 4 0 Ï  3 . 5 5 2 . o o i o . o 5 4 . 5 3 i l . 9 7 1
1 2 . 2 0 1 2 9 . OOl 3 . 5 0 2 . i o i o . i o 5 9 . 6 6 i 2 . 4 3 2
1 4 . 3 5 1 4 3 . 65± 3 . 9 4 2 . 2 0 i l . 3 4 9 . l 6 i 4 . 7 2 7
1 7 . 4 5 2 0 5 . 4 0 i  1 5 . 7 8 3 . 2 0 i 0 . 3 3 4 2 . 5 5 i 5 . 2 2 10
2 0 . 4 5 3 3 9 . 4 0 i  4 7 . 1 6 5 . s o i l . 04 3 4 . 5 0 i 2 . 0 7 10
24 4 7 9 . 2 9 i  6 6 . 4 5 1 0 . 2 0 i l . 4 1 3 4 . 8 8 i 2 . 7 i 10
2 6 . 3 0 8 9 0 . 2 2 ± 1 2 4 . 9 2 1 3 . 9 0 i l . 6 1 4 O . 7 7 i 3 . 9 6 10
2 8 . 4 5 1 1 9 1 . 8 0 - 1 6 0 . 1 9 2 1 . 4 0 i l . 9 3 4 4 . 2 0 i 4 . 2 i 10
32 1 7 2 9 . 1 0 ± 1 8 2 . 2 7 3 4 . 7 0 i l . 9 6 4 9 . 3 0 i 3 . l 8 10
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Fig 19
g r o w t h  o f  t o t a l  m y c e l i a l  l e n g t h
o f  f o u r  s p o r e s  on SS ag&r




Time ( h o u r s )
104
Ll2_ P O i e a n  g r o w t h  o f  l O ^ s p o r e s  on SS
a g a r  medium a t  25 C .
ce 1 ia 1 l e ngt h  
number of h \ ph a l  t i p s  














F i n 21
Growth o f  10 s p o r e s  on SS ag&r
medi um a t  25 c
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F i g  22 The  m y c e l i a l  g r o w t h  o f  S.  p i s t a c i a r u m  on SS 
( 2 0  h o u r s  a f t e r  i n c u b a t i o n ) .
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4 . 9 .  P a t t e r n  of  G r o wt h  G e r m i n a t i o n
12 s i n g l e  s p o r e s  of  v a r i o u s  s i z e s  i . e .  4 - 8  c e l l s / s p o r e  
we r e  i s o l a t e d  o n t o  SS u s i n g  t h e  m i c r o m a n i p u l a t i o n  c h a m b e r .
T h e s e  w e r e  i n c u b a t e d  a t  2 5 ° c  and  t h e  g r o w t h  f o l l o w e d  p h o t o ­
g r a p h i c a l l y  f r o m  0 - 3 2  h o u r s .  S i x  of  t h e  s p o r e s  a r e  shown i n  
F i g  23 a - f .  S p o r e s  ( a ) ,  ( e )  show t h e  g r o w t h  of  e i g h t -
c e l l e d  s p o r e s .  N u c l e a r  d i v i s i o n  i n  t h e  d i s t a l  and  p r o x i m a l  
c e l l s  d i d  n o t  o c c u r  c o i n c i d e n t a l l y  w i t h  d i v i s i o n  i n  t h e  
i n t e r m e d i a t e  c e l l s .  I n c r e a s e  i n  s p o r e  l e n g t h  o c c u r e d  by g r o w t h  
i n  l e n g t h  of  a l l  c e l l s .  N u c l e a r  d i v i s i o n  o c c u r e d  a p p r o x i m a t e l y  
s y n c h r o n o u s l y  i n  t h e  i n t e r m e d i a t e  c e l l s  w h i l s t  t h e  p r o x i m a l  
and  d i s t a l  c e l l s  s howe d  no s i g n s  of  d i v i s i o n .  C e l l  s e p t a t i o n  
was a s y n c h r o n o u s .  L i t t l e  or  no i n c r e a s e  i n  c e l l  l e n g t h  
o c c u r e d  d u r i n g  t h e  n e x t  r o u n d  of  a s y n c h r o n o u s  d i v i s i o n  l e a d i n g  
t o  a s p o r e  a x i s  w i t h  s e v e n t e e n  c e l l s ,  a t  wh i c h  t i m e  a g e r m 
t u b e  was  p r o d u c e d .  A f t e r  28 h o u r s  s p o r e  ( a )  and  ( e )  had  17 
c e l l s  and  t wo  g e r m  t u b e s  p r o d u c e d  f r o m  i n t e r m e d i a t e  c e l l s ,  
t h e  p r o x i m a l  and  d i s t a l l  c e l l s  a p p e a r e d  t o  h a v e  p r o d u c e d  g e r m 
t u b e s .  The numbe r  of  c e l l s  a f t e r  32 h o u r s  was 20 i n  s p o r e  ( a )  
and 17 i n  s p o r e  ( e ) .
S p o r e  ( b ) ,  a s e v e n - c e l l e d  s p o r e ,  s hows  t h e  n u c l e u s  
d i v i s i o n  i n  p r o x i m a l  and  d i s t a l  c e l l s  o c c u r e d  c o i n c i d e n t a l l y  
w i t h  t h e  i n t e r m e d i a t e  c e l l s  and  a f t e r  28 h o u r s  had  i n c r e a s e d  
t o  14 c e l l s  w i t h o u t  a ny  g e r m t u b e s  i n  e i t h e r  t h e  i n t e r m e d i a t e  
c e l l s  o r  p r o x i m a l  and  d i s t a l  c e l l s .  A f t e r  32 h o u r s  t h e  number  
of  c e l l s  was  17 a nd  t wo  g e r m t u b e s  i n  i n t e r m e d i a t e  c e l l s  and 
t wo  g e r m  t u b e s  i n  d i s t a l  and  p r o x i m a l  c e l l s .
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S p o r e  ( c )  s h o ws  t h e  g r o w t h  of  a 6 - c e l l e d  s p o r e ;  n u c l e a r  
d i v i s i o n  f o l l o w e d  t h e  same p a t t e r n  a s  t h e  8 t h  and  7 t h  c e l l e d  
s p o r e  b u t  i n  ( c )  a l m o s t  a l l  c e l l s  d i v i d e d  a t  t h e  same t i m e  and 
t h e  numbe r  o f  c e l l s  d o u b l e d  b e f o r e  a g e r m t u b e  e m e r g e d  (11 
c e l l s ) .  A f t e r  32 h o u r s  t h e  numbe r  of  c e l l s  was 21 w i t h  one 
i n t e r m e d i a t e  g e r m t u b e  and  a d i s t a l  g e r m t u b e .
S p o r e  ( d )  s h o ws  a 5 - c e l l e d  s p o r e ,  t h e  n u c l e a r  d i v i s i o n  
was n o t  c l e a r  b e c a u s e  of  t wo  m i s s i n g  s t a g e s  b u t  a f t e r  28 h o u r s  
t h e  n umbe r  of  c e l l s  had  i n c r e a s e d  t o  12 w i t h  one  i n t e r m e d i a t e  
ge r m t u b e .  The d i s t a l  c e l l  was  i n  n u c l e a r  d i v i s i o n  s t a t e .  
A f t e r  32 h o u r s  t h e  numbe r  o f  c e l l s  i n c r e a s e d  t o  20 and  t h r e e  
g e r m t u b e s  f r o m  t h e  i n t e r m e d i a t e  c e l l s  had b e e n  p r o d u c e d .
S p o r e  ( f )  a 4 - c e l l e d  s p o r e ,  s h o ws  e a c h  c e l l  had t h e  
n u c l e a r  d i v i s i o n  and  a f t e r  18 h o u r s  t h e  number  of  c e l l s  we r e  
7 and  a f t e r  28 h o u r s  t h e  g e r m t u b e s  p r o d u c e d  f r o m  i n t e r m e d i a t e  
and f r o m  t h e  d i s t a l  and  p r o x i m a l  c e l l s  b u t  no n u c l e a r  d i v i s i o n  
was  o b s e r v e d  b e t w e e n  16 and  18 h o u r s .  A f t e r  24 h o u r s  t h e  
number  of  c e l l s  i n c r e a s e d  t o  13 and  t h e  number  of  i n t e r m e d i a t e  
g e r m t u b e s  was  t h r e e ,  p l u s  t wo  d i s t a l ,  p r o x i m a l  g e r m t u b e s .
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F i g  23
G e r m i n a t i o n  of  6 c o n i d i a  of  S .  p i s t a c i a r u m  on s s  
a g a r  a t  25 c o v e r  0 - 3 2  h o u r s  i n c u b a t i o n .
I l l
4 . 10.  P o l a r i t y  of  S p o r e  G e r m i n a t i o n
A s a m p l e  o f  42 g e r m i n a t e d  s p o r e s  was  t a k e n  f r o m  a 
p o p u l a t i o n  g r o w n  a t  2 5 ° c  i n  l i q u i d  55M f o r  32 h o u r s .
The n u mb e r  o f  c e l l s / s p o r e  a nd  t h e  n umbe r  of  g e r m t u b e s /  
s p o r e  w e r e  c o u n t e d  a n d  r e c o r d e d .  Ea c h  s p o r e  was  d i v i d e d  i n t o  
t wo  p a r t s  w i t h  r e s p e c t  t o  t h e  p o i n t  o f  a t t a c h m e n t .  A p r o x i m a l  
h a l f  e x t e n d i n g  f r o m  t h e  f l a t t e n e d  b a s a l  end  and  t o  t h e  m i d ­
p o i n t  and  a d i s t a l  h a l f  e x t e n d i n g  f r o m  m i d - p o i n t  t o  t h e  a p e x .  
The n u mb e r  o f  c e l l s  a nd  t h e  nu mb e r  of  g e r m  t u b e s  w e r e  c o u n t e d  
i n  e a c h  p a r t  s e p a r a t e l y .
Ea c h  h a l f  s p o r e  was  d i v i d e d  i n t o  t wo  r e s u l t a n t  q u a r t e r s  
n u mb e r e d  f r o m  1 - 4  s t a r t i n g  a t  t h e  b a s a l  a t t a c h m e n t  o f  t h e  
s p o r e  ( F i g  2 4 ) . ) .
b a s a la p e x
F i g  24 S p o r e  w i t h  b a s a l  and  a p e x .
The means  o f  a l l  d a t a  w e r e  c a l c u l a t e d  a nd  r e c o r d e d  - t a b l e 2 2
The n u mb e r  o f  c e l l s  p e r  s p o r e  r a n g e d  b e t w e e n  1 6 - 2 8  w i t h  
t h e  mean o f  2 1 . 5 9  a n d  t h e  n u mb e r  o f  g e r m  t u b e s  b e t w e e n  9 - 1 9  
w i t h  t h e  mean o f  1 3 . 3 5 .  The n umbe r  o f  g e r m t u b e s  i n  f i r s t  
and  f o u r t h  q u a r t e r  p a r t  o f  s p o r e  w e r e  a d d e d  t o g e t h e r  t o  make 
t h e  t o t a l  numbe r  o f  g e r m  t u b e s  i n  1+4 and  t h e  same i n  t h e  
m i d d l e  p a r t  t o  make t h e  t o t a l  o f  2,+3.
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The mean n umbe r  of  g e r m t u b e s  f o r  1+4 was  4 . 9 5  and 
f o r  2 + 3 was  8 . 4 4 .  The numbe r  of  c e l l s  i n  b o t h  p a r t s  was  t h e  
same w i t h  t h e  mean o f  5 . 3 6 .
Means  o f  p a r t  1 and  p a r t  4 ,  1+4 and  2+3 we r e  c o mp a r e d  
u s i n g  a t - t e s t .  T h e r e  was  no s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  
t h e  nu mb e r  o f  g e r m t u b e s  p r o d u c e d  by p a r t  1 and p a r t  4 .
A c o m p a r i s o n  o f  p a r t  1+4 v s  p a r t  2+3 s howed a s i g n i f i c a n t  
d i f f e r e n c e ,  a l a r g e r  numbe r  of  g e r m t u b e s  b e i n g  p r o d u c e d  by 
t h e  c e n t r a l  t wo  q u a r t e r s  o f  t h e  s p o r e  ( t a b l e  2 2 j
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4 . 10a . S p o r e  a x i s  g r o w t h  on l e a v e s  of  P .  v e r a .
TThe o b s e r v a t i o n  t h a t  a x i s  g r o w t h  occu r/ed  d u r i n g  
g r o w t h  i n  l i q u i d  c u l t u r e s  s u g g e s t e d  t h a t  i f  p i s t a c h i o  
l e a v e s  w e r e  e x c e s s i v e l y  we t  d u r i n g  t h e  i n f e c t i o n  p e r i o d  
t h e  s p o r e s  m i g h t  b e h a v e  a s  i n  l i q u i d  c u l t u r e ,  i . e .  
e x t e n s i v e  a x i s  g r o w t h  wo u l d  o c c u r .  To t e s t  t h i s  p l a n t s  
we r e  i n o c u l a t e d  i n  t h e  u s u a l  ma nne r  and  t h e  d i s e a s e  
a l l o w e d  t o  p r o g r e s s  f o r  t h i r t e e n  d a y s .  The l e a v e s  w e r e  
t h e n  w a s h e d  a nd  t h e  r e s i d u a l  s p o r e s ,  w h i c h  had n o t  e f f e c ­
t e d  e n t r y ,  we r e  e x a m i n e d  f o r  c e l l  n u m b e r / s p o r e . A 
f r e q u e n c y  h i s t o g r a m  o f  t h e  r a n g e  of  c e l l  numbe r  i s  shown 
i n  ( F i g  2  6 ) .  The c e l l  n u m b e r / s p o r e  i n  t h e  i n o c u l u m  
r a n g e d  f r o m  4 - 1 0  w i t h  a mode of  6 and  a mean of  6 . 0 3 t  
0 . 0 8 .  The s p o r e s  w a s h e d  f r o m  t h e  l e a v e s  s howed  a r a n g e  
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C e l l  numbe r
F i g  26 C e l l  nu mb e r  p e r  s p o r e
F r e q u e n c y  (%) h i s t o g r a m .
a )  F r e s h  s p o r e s  f r o m  c u l t u r e
b)  U n g e r m i n a t e d  s p o r e s  f r o m  l e a f  s u r f a c e  
( 1 3  d a y s  a f t e r  i n o c u l a t i o n ) .
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4. 11.  F l u o r e s c e n c e  s t u d i e s  of  g r o w i n g  s p o r e s
The b r i g h t e n e r s ,  P h o t i n e  and  T i n o p a l ,  g a v e  e s s e n t ­
i a l l y  t h e  same l e v e l s  and  d i s t r i b u t i o n  of  t h e  f l u o r e s ­
c e n c e .  P l a t e s  1 1 ,  1 2 ,  13 a - i  show P h o t i n e  t r e a t e d  s p o r e -  
l i n g s  a f t e r  1 8 - 3 0  h o u r s  i n  SS s h a k e n  c u l t u r e .
The b r i g h t e n e r  was t a k e n  up by t h e  s p o r e  w a l l  and 
i n t e r n a l  c r o s s - w a l l s .  The u p t a k e  was u n e v e n  w i t h i n  and 
b e t w e e n  s p o r e s .  The b r i g h t n e s s  i n c r e a s e d  w i t h  t i m e .  
S p o r e l i n g s  p h o t o g r a p h e d  i m m e d i a t e l y  a f t e r  s t a i n i n g  
showe d  t h a t  t h e  c r o s s - w a l l s  ( c h i t  i n )  f l u o r e s c e d  more 
s t r o n g l y  t h a n  t h e  l a t e r a l  w a l l s  ( K) and  t h a t  a d i s c o i d a l  
b r i g h t  z o n e  a p p e a r e d  w h e r e  a l a t e r a l  was  b e i n g  p r o d u c e d  
(a ,b ) .
As s t a i n i n g  t i m e  i n c r e a s e d  c e l l s  of  t h e  s p o r e  a x i s  
i n c r e a s e d  i n  b r i g h t n e s s  ( a , b , c , d , e , h ) and  i n d i v i d u a l  
c e l l s  f r o m  w h i c h  l a t e r a l s  w e r e  b e i n g  p r o d u c e d  beca me  
u n i f o r m l y  f l u o r e s c e n t .  At  t h i s  s t a g e  t h e  a p i c e s  of  t h e  
s p o r e  a x i s  and  t h e  a p i c e s  of  l a t e r a l s  d i d  n o t  f l u o r e s c e  
b r i g h t l y  ( a , c , e ) .  I n  s p o r e  c ,  t wo  c e l l s  show b r i g h t e r  
l a t e r a l  t i p s .  L a t e r a l s  p r o d u c e d  f r o m  u n i f o r m l y  b r i g h t  
c e l l s  a l s o  s howe d  u n i f o r m  b r i g h t n e s s .  One s p o r e  ( i )  
p r o d u c e d  a t e r m i n a l  g e r m - t u b e  and  t h i s  f l u o r e s c e d  b r i g h t l y  
The p a t t e r n  of  f l u o r e s c e n c e  s hown by t h e  i l l u s t r a t e d  
s p o r e  s howe d  s i n g l e  a c t i v e  c e l l s  ( a , b , c )  p a i r s  ( a , b , d , e , f ,  
h , j )  and  c o n t i n u o u s  r e g i o n s  ( d , f , g , j , l ) .
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P l a t e  - 1 1 , 1 2 , 1 3 . ( a - i )
S .  p i s t a c i a r u m . S p o r e  g e r m i n a t i o n  of  12 s p o r e s  /- 
a f t e r  18 -  30  h o u r s  i n  SS a t  2 1 ° c .
( i )  E p i f l u o r e s c e n c e  u s i n g  b r i g h t e n e r .
R e g i o n s  of  h i g h  B.  g l u c o n  s y n t h e s i s  
show h i g h  f l u o r e s c e n c e .
( i i )  B r i g h t - f i e l d  m i c r o s i o p y .  (x 9 0 9 ) .  ) •
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4 .12 . N u c l e a r  b e h a v i o u r  d u r i n g  s p o r e  g e r m i n a t i o n  
( P l a t e  1 4 a - h  and  P l a t e  1 5 a - i ) .
The c o n i d i u m  i s  m u l t i s e p t a t e  w i t h  a s i n g l e  n u c l e u s  
i n  e a c h  « c e l l  ( 1 4 a ) .  N u c l e a r  d i v i s i o n  o c c u r s  i n  t h e  
c e n t r a l  r e g i o n  of  a c e l l  of  t h e  s p o r e  a x i s  and t h e  
d i v i s i o n  f i g u r e  i s  l o n g i t u d i n a l  ( 14  d , e ;  15 c , d , e ) .  No 
c l e a r  d e t a i l s  of  m i t o s i s  we r e  shown by t h e  Gi emsa  t e c h ­
n i q u e s  u s e d .  The d a u g h t e r  n u c l e i  we r e  p a r t i t i o n e d  i n t o  
t wo  d a u g h t e r  c e l l s  by a c r o s s - w a l l .  The n u c l e u s  was 
l o c a t e d  i n  t h e  c e n t r a l  r e g i o n  of  t h e  c e l l  d u r i n g  a c t i v e  
a x i s  g r o w t h ;  b u t  was  l o c a t e d  a d j a c e n t  t o  t h e  o l d e s t  c r o s s ­
w a l l  d u r i n g  l a t e r a l  p r o d u c t i o n  (14  g , h ;  15 a , b , c , d , e , h ) .
The n u c l e u s  d i v i d e d  i n t o  t h e  l a t e r a l  (16 d , e , h ) .  A l a t e r a l  
wh i c h  f o r m e d  a g e r m - t u b e  ( 14  h)  g a v e  r i s e  t o  a u n i n u c l e a t e  
s e p t a t e  h y p h a  ( 1 4  g , h , i ) .  H y p h a l  g e r m - t u b e s  w e r e  p r o d u c e d  
f r o m c e n t r a l  a x i s  c e l l s  or  f r o m  t h e  t e r m i n a l  c e l l s  (14 h ) .  
The f i r s t  b r a n c h  of  a g e r m - t u b e  was f o r me d  when 4 - 5  c e l l s  
had b e e n  p r o d u c e d  ( 14  h ) .
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P l a t e  14 S.  p i s t a c i a r u m
Gi e ms a  s t a i n i n g  of  n u c l e a r  d i s t r i b u t i o n  
i n  u n g e r m i n a t e d  and  g e r m i n a t i n g  s p o r e s .
a )  u n g e r m i n a t e d  6 - c e l l e d  s p o r e  w i t h  a 
s i n g l e  n u c l e u s  i n  e a c h  c e l l .  B a s a l  
end  i n  t h e  r i g h t  h a nd  s i d e ,  (x 5 0 0 0 ) .
b ; - f  ) a x i s  g r o w t h  and  n u c l e a r  d i v i s i o n
w i t h  u n i n u c l e a t e  a x i s  c e l l s ,  (x 2 600 )
i ) - h )  u n i n u c l e a t e  m y c e l i u m  a r i s i n g  f r o m  
g e r m - t u b e s .  ( x 2 8 0 0 ) ,
H = hy p h a  
N = n u c l e u s  
Nd = n u c l e a r  d i v i s i o n  
Sa = s p o r e  a x i s .
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4 .13 . N u c l e a r  B e h a v i o u r  D u r i n g  S e c o n d a r y  S p o r e  P r o d u c t i o n . ( F i g  25)  
D u r i n g  t h e  f o r m a t i o n  of  s e c o n d a r y  s p o r e s ,  t h e  d i v i s i o n  
of  t h e  n u c l e u s  i n  t h e  c o n i d i o g e n o u s  c e l l  was  n o t  i n i t i a t e d  
u n t i l  t h e  s e c o n d a r y  c o n i d i a l  i n i t i a l  was  w e l l  e s t a b l i s h e d  ( a - h ) .  
T h e r e  was  no a p p a r e n t  r e l a t i o n s h i p  b e t w e e n  t h e  l e n g t h  of  t h e  
s e c o n d a r y  c o n i d i u m  and t h e  o n s e t  of  n u c l e a r  d i v i s i o n .
F i g  25 
a - h
l e n g t h  o f  s e c o n d a r y  
c o n i d i u m  ( /Am)
a 4 . 3
b 9 . 1
c 1 0 . 8
d 1 3 . 9
®1 6 . 0
®2 1 0 . 4
f 1 2 . 2
g 1 9 . 1
h 1 9 . 5
T a b l e  23 l e n g t h  (pm) 
of  s e c o n d a r y  
c o n i d  i a
( d a t a  ex F i g  25 )
a - h  s h o ws  s e c o n d a r y  c o n i d i a  o f  i n c r e a s i n g  l e n g t h  w i t h  
con  i d i o g e n o u s  n u c l e i  a t  a p p r o x i m a t e l y  t h e  same s t a g e  of  
d i v i s i o n ;  e^  s h o ws  a v e r y  s h o r t  s e c o n d a r y  c o n i d i u m  6 m i n  
l e n g t h  w i t h  t h e  d a u g h t e r  c o n i d i a l  n u c l e u s  a l r e a d y  e s t a b l i s h e d  
i n  t h e  c o n i d i u m .
N u c l e a r  d i v i s i o n  o c c u r r e d  t h r o u g h  t h e  i s t h m u s  j o i n i n g  
t h e  c o n i d i o g e n o u s  c e l l  and  t h e  s e c o n d a r y  c o n i d i u m  ( f ) .  No 
e x a m p l e s  w e r e  s e e n  o f  d i v i s i o n  of  t h e  n u c l e u s  w i t h i n  t h e  
con  i d i o g e n o u s  c e l l  i . e .  no c o n  i d i o g e n o u s  c e l l s  we r e  f o r me d  
w i t h  t wo  n u c l e i  p r i o r  t o  t h e  i m m i g r a t i o n  of  one of  t he m i n t o
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t h e  s e c o n d a r y  c o n i d i u m  e^^- i  + j  s hows  c o n i d i a  w i t h  a s i n g l e  
n u c l e u s  a nd  k-m s h o ws  t h e  p r o c e s s  of  n u c l e a r  d i v i s i o n  and 
s e p t a t i o n  i n t o  t wo  c e l l s  p r i o r  t o  r e l e a s e  f r o m t h e  c o n i d i o -  
g e n o u s  c e l l .  The m i g r a t i o n  of  t h e  d a u g h t e r  n u c l e u s  i n t o  
t h e  c o n i d i u m  n e v e r  e x c e e d e d  mid p o i n t  ( F i g  h j ) .  I n  most  
c o n i d i a  t h e  s u b s e q u e n t  n u c l e a r  d i v i s i o n  o c c u r r e d  a t  t h e  mid 
p o i n t  F i g  ( 1 ) .  t h o u g h  i n  some t h e  n u c l e u s  d i v i d e d  w h i l s t  i n  
t h e  b a s a l  h a l f  o f  t h e  s e c o n d a r y  c o n i d i u m  F i g  ( k ) .  The 
s e p t a t i o n  of  t h e  s e c o n d a r y  c o n i d i u m  t y p i c a l l y  r e s u l t e d  i n  
a c o n i d i u m  w i t h  t wo  e q u a l  s i z e d  c e l l s  (m) b u t  i n  some t h e  
b a s a l  c e l l  was  t h e  s m a l l e r  ( n ) .
The n u c l e a r  i n  e a c h  c e l l  of  t h e  s e c o n d a r y  c o n i d i u m  
m i g r a t e d  i n t o  a c e n t r a l  p o s i t i o n .  F i g  (m & n ) .
F i g  2 5 a - h  r e p r e s e n t s  a s ummar y d r a w i n g  made f r o m 
t h e  s e r i e s  of  p h o t o g r a p h s  i n  P l a t e  7 ,  i n  wh i c h  t h e  v a r i o u s  
s t a g e s  a r e  s hown  u s i n g  Gi e ms a  s t a i n .
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C y t o l o g y  ( G i e m s a )  of  s e c o n d a r y  c o n i d i u m  
pr  o d u c t  i o n .
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P l a t e  13 S . p i s t a c  i a r u m
Gi e ms a  s t a i n i n g  of  n u c l e a r  d i s t r i b u t i o n
d u r i n g  s e c o n d a r y  s p o r e  f o r m a t i o n ,  (x 1 6 0 0 ) .
a )  b)  e )  p r o d u c t i o n  of  s i n g l e  and t w i n -  
p a i r s  of  s p o r e s .
c )  s i n g l e  s p o r e s  and  i n i t i a l  s t a g e  of  t wi n -  
s p o r e  p r o d u c t i o n .
l e f t  hand  s i n g l e  s p o r e  w i t h  d a u g h t e r  
n u c l e u s  m i g r a t e d  i n t o  c e n t r a l  p o s t  i on  
r i g h t  hand s p o r e  w i t h o u t  n u c l e u s ;  t h e  
n u c l e u s  d i v i d e d  i n  t h e  c o n  i d i o g e n o u s  
c e l l .
d)  n u c l e a r  d i v i s i o n  i n  t wo  a d j a c e n t  a x i s  
c e l l s .
f )  u n i n u c l e a t e  s e c o n d a r y  s p o r e  p r i o r  t o  
c r o s s - w a l l  f o r m a t i o n .
g ) t h r e e  s e c o n d a r y  s p o r e s  j u s t  p r i o r  t o  
s e c e s s i o n .
h)  i )  n u c l e a r  d i v i s i o n  and m i g r a t i o n  i n t o
s e c o n d a r y  s p o r e .
H = hypha  
N = n u c l e u s  
Nd = n u c l e a r  d i v i s i o n  
5a  = s p o r e  a x i s .
























4. 14.  S c a n n i n g  E l e c t r o n  M i c r o s c o p y  - F o r m a t i o n  of
S e c o n d a r y  S p o r e .
P l a t e  16 s h o ws  t h e  s t a g e s  of  f o r m a t i o n  of  s e c o n d a r y  
s p o r e s  by g e r m l i n g s  of  S.  p i s t a c i a r u m  i n  SS a t  2 5 ° c  i n  
s h a k e n  c u l t u r e .  S e c o n d a r y  s p o r e s  we r e  p r o d u c e d  e i t h e r  as  
t w i n - p a i r s  (a  + b)  or  a s  s i n g l e  s p o r e s  (a + c )  f r o m  a 
zone  a d j a c e n t  t o  t h e  c r o s s  w a l l s .  S p o r e  s e c e s s i o n  l e f t  a 
p r o m i n e n t  a b s t r i c t i o n  s c a r  a t  t h e  l o c u s  of  s p o r e  f o r m a t i o n .  
The p r o d u c t i o n  of  more t h a n  one c o n i d i u m  f r o m  a c o n i d i o -  
g e n u s  s i t e  was  n o t  o b s e r v e d  b u t  a b s t r i c t i o n  s c a r s  (d)  
s howed t h a t  a c o n i d i o g e n o u s  z o n e  was f o r me d  a d j a c e n t  t o  
a c r o s s  w a l l .  The a b s t r i c t i o n  s c a r  wasl-Sr-jZ-i^m i n  d i a m e t e r  
and f o r m e d  a r a i s e d  c o l l a r .  The c o l l a r  was f o r me d  f r o m 
t h e  o u t e r  l a y e r  of  t h e  c o n  i d  l o g e n o u s  c e l l  w a l l .  The SEM' s  
show t h a t  t h e  c r o s s  w a l l  f o r m e d  i n  t h e  c e n t r a l  r e g i o n  of  
a c e l l  w h i c h  was  p r o d u c i n g  c o n i d i a  a t  e a c h  end was n o t  s o  
r i g i d  a s  t h e  p r i m a r y  c r o s s  w a l l  and t h e  met hod of  p r e p a r ­
a t i o n  p r o d u c e d  a s e r i e s  of  s m a l l  l o n g i t u d i n a l  u n d u l a t i o n s  
a t  t h e  s i t e  of  t h e  c r o s s  w a l l  (b + d ) .
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P l a t e  16
S E N ; s e c o n d a r y  s p o r e  f o r m a t i o n  d u r i n g
g e r m i n a t i o n .
a )  t w i n  p a i r  ( s s )  and  h a l f - t w i n  modes  
of  s p o r e  f o r m a t i o n  (x 1 1 0 7 ) .
b )  t w i n  p a i r  w i t h  c r o s s - w a l l  ( cw)
(x 5 0 0 0 ) .
c ) s p o r e  w i t h  h a l f - t w i n  ( s )  s p o r e  
f  or  mat  i o n  (x 1 1 0 6 ) .
d ) s p o r e  w i t h  h a l f - t w i n  s e c o n d a r y  s p o r e  
i n t i a t i o n  ( S I ) ,  h a l f  t w i n  s p o r e  





4.15 R e s t i n g  S p o r e  ( p i a t e  17)
F i x a t i o n  o f  s p o r e  i n  t h i s  s t a g e  was p o o r  e i t h e r  w i t h  
KMoO^, or  w i t h  G i u t a r a I d e h y d e  +
The s p o r e  was  mu I t  i c e l l u l a r  , t h e  h y p h a l  w a l l  was u n i f o r m  
in t h i c  k n e s s  IS’Onno-p.nd c o n s i s t e d  of  t h r e e  l a y e r s ;  an o u t e r  l a y e r  
(o)  whi ch  c o n s i s t s  o f  a t h i n ^ 9  nm e l e c t r o n  d e n s e  l a y e r  and t wo 
i n n e r  l a y e r s  a nd  I ^  w i t h  a c o m b i n e d  t h i c k n e s s  of  \oo nm.
I n  mos t  e l e c t r o n  m i c r o g r a p h s  t h e  r e s o l u t i o n  of  t h e  i n n e r  
l a y e r  i n t o  i t s  t wo  c o m p a r t m e n t  l a y e r s  was n o t  r e v e a l e d ,  t h e  
i n t e r p r e t a t i o n  i s  b a s e d  on e v i d e n c e  of  i n n e r  w a l l  l a y e r i n g  a t  
t h e  p o s i t i o n  o f  s e p t u m  i n s e r t i o n  ( PL 20b) .
The p r i m a r y  s e p t u m  was  s i m p l e  w i t h  a c e n t r a l  p e r f o r a t i o n .  
A s s o c i a t e d  w i t h  t h e  s e p t u m  w e r e  e l e c t r o n  d e n s e  Wo r o n i n  b o d i e s  
on e i t h e r  s i d e  of  t h e  s e p t u m .
The f i x a t i o n  o f  o r g a n e l l e s  and  membr anes  i n  t h e  r e s t i n g  
s p o r e  was a l s o  v e r y  p o o r  b u t  i n  some p r e p a r a t i o n s  o r g a n e l l e  
d i s t r i b u t i o n  was  d e t e r m i n e d .
V a c u o l e s  w e r e  p r e s e n t  and  t h e y  wer e  l a r g e  w i t h  e l e c t r o n  
dens e  m a t e r i a l  w i t h i n ,  l i p i d  b o d i e s  we r e  p r e s e n t  i n  l a r g e  
numb e r s ,  o n l y  one  n u c l e u s  was  p r e s e n t  i n  e a c h  c e l l .  Numer ous  
r i b o s o m e s  we r e  o b s e r v e d .  ER ( E n d o p l a s m i c  r e t i c u l u m )  was n o t  
o b s e r v e d .
S p o r e  S t r u c t u r e  d u r i n g  G e r m i n a t i o n  ( P la te s  18-23)
F i x a t i o n  was  i m p r o v e d  w i t h  t h e  o n s e t  of  g e r m i n a t i o n ,  t h e  
s p o r e  w a l l  was  n m i n  t h i c k n e s s  and c o n s i s t e d  of  t wo 
d i s t i n c t  l a y e r s  O . I .
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An o u t e r  l a y e r  ( 0 )  wh i c h  wcl3 e l e c t r o n  d e n s e  and was 
c l e a r l y  t r i l a m i n a r ;  a l e s s  d e n s e  e l e c t r o n  l a y e r  d e m a r c a t e d  
i n t e r n a l l y  e x t e r n a l l y  by an  e l e c t r o n  d e n s e  m a r g i n .  Ou t e r  
l a y e r  0 i n  some p r e p a r a t i o n s  s howed  a p p a r e n t  d i s c o n t i n u a t i o n  
i n  e l e c t r o n  d e n s i t y  b u t  t h i s  was  n o t  a c o n s i s t e n t  o b s e r v a t i o n .  
P l a t e  20c s hows  a s p o r e  i n  w h i c h  t h e  r i g h t  hand  s i d e  shows  
a p p a r e n t  d i s c o n t i n u i t i e s  w h i l e  t h e  l e f t  hand  s i d e  shows  
c o n t i n u o u s  e l e c t r o n  d e n s i t y .
The i n n e r  l a y e r  ( I )  was c o mp o s e d  of  l a y e r s  and 1^ .
The r e  was  a s m a l l  d i f f e r e n c e  i n  e l e c t r o n  d e n s i t y  b e t w e e n  t h e  
two l a y e r s  i n  some p r e p a r a t i o n s  w i t h  I ^  ( t h e  o u t e r  of  t h e  
two l a y e r s )  s h o w i n g  s l i g h t l y  i n c r e a s e d  e l e c t r o n  d e n s i t y .  The 
l a y e r i n g  i n t o  t wo  d i s t i n c t  z o n e s  was r e v e a l e d  c l e a r l y  a t  t h e  
j u n c t i o n  o f  t h e  p r i m a r y  s e p t u m  (p l% 9 ) P l a t e  20e b u t  was a l s o  
d e t e c t a b l e  a l o n g  t h e  h y p h a  away f r o m t h e  p r i m a r y  s e p t u m ( P l a t e Z O
d ) .  was  5"_1 nm t h i c k  was ^ 9  nm.
I n  l o n g i t u d i n a l  s e c t i o n  t h e  t r i a n g u l a r  s p a c e  f o r me d  
b e t we e n  t h e  s p o r e  w a l l  l a y e r  and  t h e  l a y e r  I ^  a t  a p r i m a r y  
s e p t u m ( PI  20e ) was  f i l l e d  w i t h  e l e c t r o n  d e n s e  m a t e r i a l .  The 
e l e c t r o n  l u c e n t  l a y e r  w i t h i n  t h e  p r i m a r y  s e p t u m  was c o n t i n u o u s  
w i t h  t h e  t r i a n g u l a r  s p a c e .
S e p t u m
The t r a n s v e r s e  p r i m a r y  s e p t u m  was  p e r f o r a t e d  w i t h  s i m p l e  
p o r e .  I n  s t r u c t u r e  s e p t u m  was  c ompos e d  o f  a d u p l e x  l a y e r  
s e p a r a t e d  by an  i n t e r m e d i a t e  e l e c t r o n  l u c e n t  l a y e r .  The i n t e r  
m e d i a t e  l a y e r  was  d e l i n e a t e d  f r o m  t h e  l a y e r s  o f  t h e  d u p l e x  by 
a t h i n  e l e c t r o n  d e n s e  l i n e  wh i c h  mar ked  t h e  o u t e r  ma r g i n  o f  t h e
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w a l l  l a y e r  S i m p l e  p o r e  p l u g g e d  w i t h  Wo r o n i n  b o d i e s  e a c h
s i d e  of  t h e  p o r e  ( p i  I 8 d ) .  The  m a r g i n  o f  t h e  p o r e  t y p i c a l l y  
showed a s h a r p  t a p e r  ( a . c . d . )  b u t  i n  some p r e p a r a t i o n s  t h e  
po r e  was  n o t  t a p e r e d  b u t  had  a s q u a r e d  o f f  m a r g i n  ( b ) .
I r a  ri 5 v e r s e  s e p t u m
The d e v e l o p m e n t  of  new ( s e c o n d a r y )  s e p t a  s howed t h a t  
t h e  c r o s s w a l l  m a t e r i a l  was  d e r i v e d  f r o m  w a l l  l a y e r  l 2 . (P L -Z O )  
D e v e l o p m e n t  was  c e n t r i p e t a l  and  t h e  w a l l  was  c h a r a c t e r i s t i c a l l y  
t h i n  and  p r e s e n t e d  a n  u n d u l a t e  o u t l i n e  i n  some s e c t i o n s  (B-+d) . 
The s e p t u m  was  i n i t i a 11 y 179 nm t h i c k  b u t  t h e  e l e c t r o n  l u c e n t  
l a y e r  a p p e a r e d  t o  be  p r e s e n t  a n d  t h e  l a y e r  was  t h e r e f o r e  d u p l e x  
A W o r o n i n  bo d y  was  a s s o c i a t e d  w i t h  t h e  s e p t a l  p o r e  ( c + d ) .
The a d d i t i o n  o f  a p r e f i > ^ t i o n  s o a k  i n  r u t h e u n u m  r e d  
d e m o n s t r a t e d  a f e a t u r e  n o t  s hown  i n  m a t e r i a l  wh i c h  had o n l y
or  g l u t a r a l d e h y d e  + O  5 ,f i x a t  i o n . T h i s  t o o k  t h e  f o r m  
of p a t c h e s  o f  e l e c t r o n  d e n s e  m a t e r i a l  e x t e r n a l ,  t o  t h e  p l a s m a -  
lemma but  i n c o r p o r a t e d  i n t o  w a l l  l a y e r  1  ^ wh i c h  was w e l l
1 2 8
d i f e r e n t i a t e d  f r o m  ( p i 2 2 e ) *  The p a t c h  s i z e  and t h i c k n e s s
wer e  c o n s i s t e n t  i n  b o t h  l o n g i t u d i n a l  and t r a n s v e r s e  s e c t i o n s  
( P la te s  21 and 22 ) a nd  s u g g e s t e d  t h a t  t h e y  we r e  d i s c o i d a l
w i t h  a d iam .^9-475 ' nm.  No e v i d e n c e  was f o u n d  o f  a c o n t i n u o u s  
r  t h e n u m r e d  p o s i t i v e  l a y e r .  The c r o s s  w a l l s ,  b o t h  p r i m a r y  
and s e c o n d a r y  s howe d  s i m i l a r  p a t c h e s .
A g e r m i n a t i o n  z o n e  was  e i t h e r  i n i t i a t e d  by g e r m t u b e  
i n c e p t i o n  a t  a p o i n t  of  maximum s w e l l i n g  a d j a c e n t  t o  a c r o s s ­
w a l l  (P123b ) o r  was  i n i t i a t e d  a t  t h e  t i p  of  t h e  s p o r e  C.
G e r m i n a t i o n  z o n e s  ( g z )  showed t h a t  t h e  t e r m  t u b e  w a l l  
was f o r me d  f r o m  w a l l  l a y e r  I ^ , w a l l  l a y e r  I ^  and 0 we r e  
d i s r u p t e d  and  r e m a i n e d  a s  a n e c k  a r o u n d  t h e  g e r m i n a t i o n  p o i n t  
(a c d e f ) .  P l a t e  23a s hows  a s i n g l e  ge r m t u b e  p r o d u c e d  
a d j a c e n t  t o  a p r i m a r y  s e p t u m  a t  t h e  j u n c t i o n  of  t wo c e l l s  p . f .  
shows  t w i n  g e r m t u b e s .
Germ t u b e s  p r o d u c e d  by t h e  t e r m i n a l  c e l l  of  t h e  s p o r e  
showed t h e  same s t r u c t u r e .  We l l  e s t a b l i s h e d  ge r m t u b e s  d i d  
h o t  show t h e  s h a r p  d e m a r c a t i o n  a t  t h e  s p o r e / g e r m  t u b e  j u n c t i o n
between w all l a y e r s  0 + and . The ju n c t io n  between the  new 
w all la y e r  o f  the  germ tube and the  spore wall appeared continuous.
-LU.
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P l a t e  17
S .  p i s t a c i a r u m
S p o r e  a - e  s h o wi n g  o r g a n e l l e s  o f  s p o r e s .
a )  (x 19 8 0 0 )
b)  (x 2 2 0 0 )
c )  (x 148 0 0 )
d)  (x 13 2 0 0 )
e )  (x 24100  )
= f i r s t  i n n e r  l a y e r  
I 2 = s e c o n d  i n n e r  l a y e r  
L = l i p i d  
N = n u c l e u s  
0  = o u t e r  s p o r e  l a y e r
SP = s e p t  urn 
TS = t r i a n g u l a r  s p a c e  
V = v a c u o l e  
VV = w o r o n i n  body
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P l a t e  18
S .  p i s t a c i a r u m  TEM
s w o l l e n  
p r  i m a r y
s p o r e  a - d  Ls s h o w i n g  p e r f o r a t e  
s e p t a  of  s w o l l e n  s p o r e s .
a  ) -  ( X 1 5 1 6 6 )  .
b ) -  ( X 2 1 2 0 0 ) .
c ) -  ( X 1 4 5 0 0 ) .
d ) -  ( X 2 2 0 0 0 ) .
0 -  o u t e r  s p o r e  l a y e r
-  f i r s t  i n n e r  l a y e r
-  s e c o n d  i n n e r  l a y e r  
ML -  m i d d l e  l a y e r
W -  w o r o n i n  body  
CP -  c e n t r a l  p e r f o r a t i o n
I
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P l a t e  19
5 .  p i s t a c i a r u m  TEM
s w o l l e n  s p o r e  i n  SS a f t e r  12 h o u r s  a t  
2 5 ° c .  O r g a n e l l e s  p r e s e n t  i n  s w o l l e n
s p o r e .
a ) -  L s (x 1 4 0 0 0 ) .
b ) - Ls (x 1 2 8 9 5 ) .
c )  - Ts (x 3 5 0 0 0 ) .
d)  -  Ts of p r i m a r y  s e p t u m  (x 2 8 0 0 0 ) .
e )  - Ts (x 3 4 0 8 6 ) .
f )  -  Ts ( X 3 3 0 0 0 ) .
L - l i p i d
M -  m i to c /o n d r  i a n
N - n u c l e u s
0 - o u t e r  s p o r e  l a y e r
V -  v a c u o l e
W -  w o r o n i n  bo d y
a,d,e,f, potassium permanganate fixation
b,c, glutaraldehyde/ osmium fixation.
ù
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P l a t e  20
S . p i s t a c i a r u m  TEM
s w o l l e n  s p o r e  i n  SS a f t e r  12 h o u r s  a t  2 5 ° c .
a )  3 c e l l e d  s p o r e  w i t h  d i v i d i n g  c e n t r a l  
c e l l  (x 4 4 6 3 )  PS ^ PS^ p r i m a r y  s e p t u m  
DS d e v e l o p i n g  s e p t u m .
b)  e n l a r g e d  v i e w  of  p r i m a r y  s e p t u m  PS,
(x 2 3 6 9 8 )
c )  s p o r e  c e l l  w i t h  young  t r a n s v e r s e  s e p t u m  
(x 2 1 2 5 4 )
d)  d e v e l o p i n g  t r a n s v e r s e  s e p t u m  i n  d i v i d i n g  
c e l l  shown i n  c )  (x 5 6 8 0 6 )
e )  p r i m a r y  s e p t u m  PS _ ( x 5 5 6 7 6 )
CP -  c e n t r a l  p e r f o r a t i o n  
L -  l i p i d  body  
V -  v a c u o l e  
W -  w o r o n i n  body  
SS -  s e c o n d a r y  s e p t u m  
1 2 , 1 2 -  i n n e r  l a y e r  
0 - o u t e r  l a y e r
HW -  h o s t  w a l l  -
\
ML - m i d d l e  l a y e r
8&
i
- u #  '
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P l a t e  21
S.  p i s t a c i a r u m  TEM R u t h e n i u m  r e d  t r e a t m e n t
s w o l l e n  s p o r e  i n  SS a f t e r  15 h o u r s  a t  2 5 ^ c  
p r e t r e a t e d  w i t h  R u t h e n i u m  r e d  (RR) p r i o r  t o  
f  i x a t  i o n ,
a )  T . S .  s p o r e  w i t h  m a r g i n a l  d e p o s i t s  of  
RR + i s l e t s  ( a r r o w )  a s s o c i a t e d  w i t h  
p l a s m a l e m ma  (PM) and  c e l l  w a l l .
( X 4 - Ü Z O O ) .
b)  L . S s p o r e  w i t h  m a r g i n a l  RR + i s l e t s .  
( x f t T Z O ) .
M = m i t o c h o n d r i a  
L = l i p i d  b o d i e s
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P l a t e  22
5 .  p i s t a c i a r u m  TEM R u t h e n i u m  r e d  t r e a t m e n t
( c o n t ) .
s w o l l e n  and  g e r m i n a t i n g  s p o r e  show RR + i s l e t s
a )  T . S .  s p o r e  a x i s  (x/s“ ^oc?)
b)  T . S .  s p o r e  a x i s  { x l b X o o )
c )  g e r m i n a t i n g  s p o r e  w i t h  d e p o s i t s  of  RR +
m a t e r i a l  i n  s p o r e  a x i s  and  n e c k  of  g e r m -
t u b e
d)  L . S .  s p o r e  a x i s  w i t h  t r a n s v e r s e  young  
u n d u l a t e  s e p t u m .  RR + m a t e r i a l  a l o n g  
w a l l  b u t  n o t  on s e p t u m .  (x /4 -2 0 0 )
e )  T . S .  s p o r e  a x i s  w i t h  t r a n s v e r s e  p r i m a r y  
s e p t u m .  RR + m a t e r i a l  a s s o c i a t e d  w i t h  
l o n g i t u d i n a l  w a l l  and  s e p t u m  .
( x l 5 ' 5 ' o o ) .
f )  o b l i q u e  s e c t i o n  of  a p e x  of  s p o r e  a x i s  
s h o w i n g  s h r u n k e n  p r o t o p l a s t  w i t h  RR + 
m a t e r i a l  a s s o c i a t e d  w i t h  t h e  p l a s m a ­
lemma i x Z 1 2 0 0 )
w
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P l a t e  23
tcvci avTji-vn sp o r  e s a f t e r  24 h o u r s  
D e v e l o p m e n t  of  g e r m i n a t i o n  p o i n t s
a )  L . S .  h a l f - p a i r  g e r m i n a t i o n  s i t e  w i t h  c e n t r a l l y  
p e r f o r a t e  s e p t u m  l e a d i n g  t o  a d j o i n i n g  c e l l  of  
ma i n  s p o r e  ax i s  . i 3 7 14^ )
b)  L . S .  p r e s u m p t i v e  s i t e  of  t w i n - p a i r  g e r  m i n a t  i o n  ()<iooüoj
c )  L . S .  t h r o u g h  t e r m i n a l  c e l l  o f  s w o l l e n  s p o r e  w i t h
t e r m i n a l  g e r m i n a t i o n  z o n e . 1 2 ^
d)  s ame c e l l  a s  c ) . ( x 6 % o o )
e ) L . S .  t h r o u g h  young  s e c o n d a r y  s p o r e  a t t a c h m e n t  t o  
m o t h e r  s p o r e .
f  ) . S .  of  a t w i n n e d  p a i r  of  g e r m - t u b e s
g)  T . S .  t h r o u g h  g e r m i n a t i o n  z o n e  o f  e i t h e r  one  of  a
t w i n  p a i r  or  h a l f - t w i n  g e r m t u b e  .(x \ 2 8 ’Oo^
cp -  c e n t r a l  p e r f o r a t i o n  
gz -  g e r m i n a t i o n  z o n e  
I  -  i n n e r  s p o r e  l a y e r  (T1+ I 2 )
ms -  m o t h e r  c e l l  
o -  o u t e r  s p o r e  l a y e r  
sy -  y o u n g  s e c o n d a r y  s p o r e
V "# - • / .  
* ,
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5. R e s u l t s
5.1 . Sympt oms  o f  l e a f  s p o t s  on P .  v e r a  by S .  p i s t a c i a r u m
and  S . p 1 s t  ac  i n a  .
5 . p i s t a c  i a r u m
The s y mp t o ms  d e v e l o p e d  d u r i n g  a 55 da y  p e r i o d  of  
i n f e c t i o n  a g r e e d  w i t h  s y m p t o m s  d e s c r i b e d  by C h i t z a n d i s  
( 1 9 5 6 )  a nd  Maas  e t  a l  ( 1 9 7 1 ) .  N e c r o t i c  l e s i o n s  w e r e  
f i r s t  o b s e r v e d  a s  d i s t i n c t  s m a l l  n e c r o t i c  f l e c k s  2 0 - 2 2  
d a y s  a f t e r  i n o c u l a t i o n .  The s p o t s  w e r e  l - 2mm i n  d i a m e t e r  
a f t e r  30 d a y s .  The l e s i o n s  w e r e  n o t  c o n f in e d  by t h e  ma j o r  
v e i n s  of  t h e  l e a f  a nd  n e c r o s i s  of  t h e  t i s s u e  o v e r  t h e  
v e i n  was  mor e  i n t e n s e l y  p i g m e n t e d .  A n a r r o w  z o n e  of  
i ^chf or os i s  was  o b s e r v e d  a t  t h e  m a r g i n  of  t h e  l e s i o n .  A f t e r  
5 0 - 5 5  d a y s  t h e  l e s i o n s  r a n g e d  i n  s i z e  f r o m  2 - 3 - 4  mm and 
a d j a c e n t  l e s i o n s  had  c o a l e s c e d .  The z o n e  of  c h l o r o s i s  
a r o u n d  t h e  n e c r o t i c  z o n e  had  e x t e n d e d  t o  1 - 1 . 5  mm a r o u n d  
t h e  s p o t .  1 - 3 - 6  b l a c k  p y c n i d i a  we r e  p r o d u c e d  i n  e a c h  
l e s i o n  and  f r o m  t h e  o s t i o l e s  of  t h e  p y c n i d i a  s p o r e  
c i r r h i  we r e  e x t r u d e d  ( P l a t e  24 , P l a t e  25B ) .
S .  p i s t a c i n a
The s y mp t o ms  a g r e e d  w i t h  t h o s e  d e s c r i b e d  by 
C h i t z a n d i s  ( 1 9 5 6 ) .  The n e c r o t i c  l e s i o n s  d i d  n o t  f o r m  as  
d a r k l y  p i g m e n t e d  n e c r o t i c  s p o t s  b u t  a s  a w i d e  s c a t t e r  of  
p y c n i d i a  on a p a l e  g r e e n / y e l l o w / b r o w n  n e c r o t i c  r e g i o n .
The l e s i o n s  w e r e  l a r g e  1 - 2 - 2 . 5  cmi and  we r e  of  i r r e g u l a r  
o u t l i n e  w i t h o u t  a d i s t i n c t  m a r g i n .  Nu me r o u s  p y c n i d i a  
were  p r e s e n t  i n  t h e  l e s i o n .  A f t e r  5 0 - 6 0  d a y s  t h e  s u r f a c e  
was c o v e r e d  w i t h  e x t r u d e d  s p o r e  c i r r h i  ( P l a t e  2 5 A ) .
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P l a t e  24
P .  v e r a  i n f e c t e d  w i t h  S . p i s t a c i a r u m .  ( 3 0  d a y s
infect ion)
a .  p l a n t  w i t h  u n i n f e c t e d  h e a l t h y  a p i c a l  
r e g i o n  and  i n f e c t e d  b a s a l  z o n e  s h o w i n g  
l e a f  s p o t s  (x 1 / 3 ) .
b . e n l a r g e d  v i e w of  l e a f  s p o t  s y m p t o m s .
(x 1 ) .
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P l a t e  25
(A and B) s y mp t o ms  of  S . p 1 s t ac  i a r u m  
and  S . p i s t a c i n a  on i n f e c t e d  l e a v e s  
of  P i s t a c i a  v e r a . a f t e r  30 d a y s  i n f e c t i o n .
A) S.  p i s t a c i n a .  ( x l )




5 . 2 . P r o g r e s s  of  I n f e c t i o n  on L e a f  S u r f a c e
P l a t e s  2 5 - 3 5  show t h e  g e r m i n a t i o n ,  p e n e t r a t i o n  and 
p r o d u c t i o n  of  s p o r e s  on t h e  s u r f a c e  o f  t h e  l e a f .  I n f e c t e d  
l e a v e s  ( p l a n t )  we r e  m a i n t a i n e d  a t  a t e m p e r a t u r e  of  24 -  2 °c  
and a t  a l i g h t  i n t e n s i t y  of  a b o u t  300  l u m e n s  f o r  8 h o u r s  p e r  
day .  I n f e c t e d  l e a v e s  w e r e  c o l l e c t e d  and  f i x e d  a t  i n t e r v a l s  
of  5 ,  7 ,  1 2 ,  2 1 ,  2 9 ,  3 5 ,  45 -  55 d a y s .
P l a t e  26 s h o ws  t h e  g e r m i n a t i o n  of  S .  p i s t a c i a r u m  and 
S.  p i s t a c i n a  on t h e  a b a x i a l  s u r f a c e  o f  t h e  l e a f .  The l e a f  
s u r f a c e  was  u n d a ma g e d  by t h e  i n o c u l a t i o n  p r o c e d u r e .  The 
t h r e e  c e l l e d  s p o r e  of  S.  p i s t a c i n a  ( P l a t e  26 b)  (5 d a y s )  
s t a r t e d  g e r m i n a t i o n  by p r o d u c i n g  t wo  g e r m t u b e s  f r o m  t h e  
t e r m i n a l  c e l l s  b u t  n o t  f r o m  t h e  i n t e r m e d i a t e  c e l l s  ( P l a t e  
26 a)  (7 d a y s ) .  The d i a m e t e r  of  u n g e r m i n a t e d  s p o r e  was  2 . 8  ^m 
and g e r m i n a t e d  was  3 . 3  um.
P l a t e  26 d s h o ws  a mu l t  i c e l l u l a r  s p o r e  of  S .  p i s t a c i a r u m  
a f t e r  5 d a y s ,  i n o c u l a t i o n  h a s  p r o d u c e d  t w o  t w i n  p a i r s  of  g e r m 
t u b e s  f r o m  t h e  i n t e r m e d i a t e  b u t  no g e r m  t u b e s  f r o m  t h e  t e r m i n a l  
c e l l s ,  t h e n  p r o d u c e d  more  g e r m  t u b e s  and  a s u r f a c e  m y c e l i u m  
( P l a t e  27 a , b )  (5 d a y s )  w h i c h  c o n s i s t e d  o f  f i n e  f i l a m e n t o u s  
( 0 . 9  -  1 . 6  jum) b r a n c h e d  h y p h a e .  P l a t e  2 7 c . d ,  P l a t e  28 a , b  
shows t h e  d i s t r i b u t i o n  of  t h e  f i n e  s u r f a c e  m y c e l i u m ,  P l a t e  2 8d 
shows t h e  b e g i n n i n g  of  p e n e t r a t i o n  of  s u r f a c e  m y c e l i u m  t h r o u g h  
t h e  s t o m a t a  w i t h  t h e  d i a m e t e r  o f  1 . 3 - 1 . 4  ^ m.  P l a t e  26c s hows  
f f i l a m e n t o u s  m a t e r i a l  w h i c h  was  o c c a s i o n a l l y  f o u n d  a s  s u r f a c e  
d e b r i s .
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P l a t e  29 a - c  s h o ws  t h e  p e n e t r a t i o n  of  s u r f a c e  h y p h a e  
t h r o u g h  a s t o m a t a l  a p e r t u r e  and  e p i d e r m a l  p e n e t r a t i o n  was  n o t  
o b s e r v e d .  L a t e r  s t a g e s  of  t h e  i n f e c t i o n  p r o g r e s s  d u r i n g  w h i c h  
e x t e n s i v e  s u r f a c e  h y p h a e  a nd  p y c n i d i a l  f o r m a t i o n  o c c u r  a r e  
shown i n  P l a t e  34,  35 a d a x i a l  s u r f a c e  of  t h e  i n f e c t e d  l e a f  
was e x a m i n e d .
A f t e r  35 d a y s  o f  i n o c u l a t i o n  t h e  o c c l u s i o n  of  s t o m a t a  
was o b s e r v e d  ( P l a t e  3 0 a , b , c )  by t h e  e m e r g e n c e  of  t h e  i n t e r n a l  
h yphae  ( P l a t e  3 0 d )  f r o m  t h e  s t o m a t a l  a p e r t u r e  a n d  p r o d u c i n g  
t h e  b r a n c h e s  on t h e  a d a x i a l  s u r f a c e .  D i a m e t e r  of  b r a n c h e s  was  
7 ^m w h i c h  d i v i d e s  i n t o  t wo  b r a n c h e s  o f  2 . 2  yum d i a m e t e r  and  
t h e n  s p r e a d s  a s  a f i n e r  h y p h a e  ( 1 . 6 - 0 . 9  yum).  P l a t e  31 , 32  , 3 3 .
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P l a t e  26. ^
g e r m i n a t i o n  of  s p o r e s  on a b a x i a l  l e a f  s u r f a c e .
a )  s p o r e s  of  S .  p i s t a c i n a  (7 d a y s )  (x 1 2 0 5 ) .
b)  s p o r e s  of  S .  p i s t a c i n a  (5 d a y s )  (x 1 6 0 0 ) .
c )  d e b r i s  on l e a f  s u r f a c e  (x 2 1 5 6 ) .
d)  g e r m i n a t e d  s p o r e s  of  5 .  p i s t a c i a r u m  (5 d a y s )  
(x 1 2 0 5 ) .
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P l a t e  27
5 .  p i s t a c i a r u m  SEM
s p o r e s  on a b a x i a l  l e a f  s u r f a c e  a f t e r  5 - 7  
d a y s  . ,
a )  - g e r m i n a t i n g  s p o r e  (x 4 8 5 ) .
b)  - g e r m i n a t i n g  s p o r e  (x 6 6 0 ) .
c )  - s u r f a c e  h y p h a  ( x 2 6 7 1 ) .
d )  -  s u r f a c e  h y p h a  (x 3 6 0 0 ) .
a )  + b)  -  f r e s h  m a t e r i a l






P l a t e  28
S . p i s t a c i a r u m  SEM
s p o r e s  on a b a x i a l  l e a f  s u r f a c e  a f t e r  
7 d a y s  .
a )  - s u r f a c e  h y p h a e  (x 3 4 6 ) .
b)  - s t o m a t a  w i t h  s u r f a c e  h y p h a e  (x 1 1 0 0 ) .
c )  - s t o m a  w i t h  t wo  d i f f e r e n t  h y p h a e
(x 2 9 0 0 ) .
d ) -  s t o m a t a l  p e n e t r a t i o n  by s u r f a c e
h y p h a e  (x 3 4 5 0 ) .
a )  - F r e s h  m a t e r i a l
b)  + c )  + d)  - F i x e d  m a t e r i a l  f o r  SEM.
1
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P l a t e  29
S .  p i s t a c i a r u m  SEM
s p o r e s  on a û a x i a l  l e a f  s u r f a c e  a f t e r  12 d a y s .
a )  s t o m a t a l  p e n e t r a t i o n  by s u r f a c e  h y p h a e  
(x 5 4 5 4 ) .
b)  s t o m a t a l  p e n e t r a t i o n  by s u r f a c e  h y p h a e  
(x 5555  ) .
c )  s t o m a t a l  p e n e t r a t i o n  by s u r f a c e  h y p h a e  
(x 3 5 5 0 ) .
d)  s u r f a c e  h y p h a e  (x 8 0 2 ) .
f »
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P l a t e  30
SEM of  a d a x i a l  s u r f a c e  v i e w  of  s t o m a t a  and  
e p i d e r m a l  c e l l s  o f  l e a v e s  i n o c u l a t e d  on t h e  
a b a x i a l  s u r f a c e  3 5 - 4 5  d a y s  p r e v i o u s l y  s h o wi n g  
d e v e l o p m e n t  o f  s u r f a c e  h y p h a e  a s s o c i a t e d  w i t h  
t h e  f o r m a t i o n  o f  p y c ^ n d i a .
a )  b)  c )  o c c l u s i o n  o f  s t o m a t a l  a p e r t u r e .
a )  (x 4 6 4 9 )  b)  (x 2400  ) c )  (x 3 000 ) .
d ) e m e r g e n c e  o f  h y p h a  f r o m  s t o m a t a l  a p e r t u r e  
(x 3428  ) .
s a  -  s t o m a t a l  a p e r t u r e  
eh - e m e r g i n g  h y p h a
à%
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P l a t e  31
SEM of  a d a x i a l  s u r f a c e  v i e w  of  s t o m a t a  and 
e p i d e r m a l  c e l l s  o f  l e a v e s  i n o c u l a t e d  on t h e  
a b a x i a l  s u r f a c e  3 5 - 4 5  d a y s  p r e v i o u s l y  s h o wi n g  
d e v e l o p m e n t  of  s u r f a c e  h y p h a e  a s s o c i a t e d  w i t h  
t h e  f o r m a t i o n  o f  p y c i n d i a .
a ) - d )  v a r i a t i o n  i n  a mo u n t  b r a n c h i n g  of  
e m e r g e d  h y p h a e .
a )  (x 1704  ) .
b)  (x 3428  ) .
c )  (x 2173  ) .
d)  (x 3382 ) .
%
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P l a t e  32
S .  p i s t a c i a r u m  SEM of  a d a x i a l  s u r f a c e  
v i e w  of  s t o m a t a  e p i d e r m a l  c e l l s  of  l e a v e s  
i n o c u l a t e d  on t h e  a b a x i a l  s u r f a c e  45 d a y s  
p r e v i o u s l y ,  s h o w i n g  d e v e l o p m e n t  of  s u r f a c e  
h y p h a e  a s s o c i a t e d  w i t h  t h e  f o r m a t i o n  of
p y c n i d i a .
a ) o c c l u s  i o n of s t o m a t a l a p e r t u r e (x 2 4 0 0 ) .
b) o c c l u s i o n of s t o m a t  a 1 a p e r t u r e (x 2 3 2 7 ) .
c ) o c c l u s i o n of s t o m a t a l a p e r t u r e (x 7 3 9 1 ) .
d) e m e r g e n c e  
IX 3 1 0 0 ; .
of h y p n a  f r o m  s t o m a t a l a p e r t u r e
s a  -  s t o m a t a  a p e r t u r e  
eh -  e m e r g i n g  h y p h a
% 1
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P l a t e  33
SEM o f  a d a x i a l  s u r f a c e  v i e w  o f  s t o m a t a  and  
e p i d e r m a l  c e l l s  o f  l e a v e s  i n o c u l a t e d  on t h e  
a b a x i a l  s u r f a c e  50 d a y s  p r e v i o u s l y  s h o w i n g  
d e v e l o p m e n t  of  s u r f a c e  h y p h a e  a s s o c i a t e d  wi t h  
t h e  f o r m a t i o n  o f  p y c i n d i a .
a )  o c c l u s i o n  o f  s t o m a t a l  a p e r t u r e  by 
i n t e r n a l  h y p h a e ,  f o r m a t i o n  o f  s u r f a c e  
m y c e l i u m  (x 4775)
b)  s u r f a c e  m y c e l i u m  p r o d u c e d  f r o m  t wo  
d i f f e r e n t  s t o m a t a  (x 1 5 8 2 ) .
r
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P l a t e  34
S . p i s t a c i a r u m  SEM
P y c n i d i u m  m a t u r a t i o n  i n  l e a v e s  i n f e c t e d  
f o r  55 d a y s .
a )  e m e r g e n c e  of  f i r s t  f o r m e d  c o n i d i a  t h r o u g h  
t h e  p y c n i d i a l  o s t i o l e  f r o m  t h e  a d a x i a l  
e p i d e r m a l  s u r f a c e  (x 2 2 5 0 ) .
b ) o s t i o l e  of  a p y c n i d i u m  b e n e a t h  t h e  
a d a x i a l  e p i d e r m a l  s u r f a c e  (x 8 0 2 ) .
c )  c o l l a p s e d  a d a x i a l  e p i d e r m a l  s u r f a c e  
a s s o c i a t e d  w i t h  p y c n i d i a l  d e v e l o p m e n t  
(x 2 2 0 1 ) .
1
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P l a t e  33 S . p i s t a c i a r u m  SEM
P y c n i d i u m  m a t u r a t i o n  i n  l e a v e s  i n f e c t e d  
f o r  55 d a y s .
E m e r g e n c e  of  c o n i d i a l  mass  t h r o u g h  o s t i o l e ,  
a b a x i a l  e p i d e r m i s .
a)  s u r f a c e  h y p h a e  a nd  e m e r g e d  c o n i d i a  (x 523)
b)  same v i e w  (x 8 0 5 ) .
c )  c o n i d i a l  s p o r e  mas s  (x 2 0 5 0 ) .
d)  c o n i d i a l  s p o r e  mass  (x 1 6 8 8 ) .
b a s e  of  s p o r e  




5. 3 .  P r o g r e s s  o f  I n f e c t i o n  w i t h i n  t h e  L e a f
S.  p i s t a c i a r u m  a nd  S.  p i s t a c i n a  w e r e  u s e d  i n  t h i s  p a r t  
of t h e  e x p e r i m e n t .  H e a l t h y  l e a f  s e c t i o n s  w e r e  u s e d  a s  a c o n t r o l  
l e a f  s e c t i o n .
H e a l t h y  L e a f .
M e s o p h y l l  c e l l s  o f  P i s t a c i a  v e r a  had  t h e  u s u a l  
c o mp l e me n t  o f  o r g a n e l l e s , c e l l  o r g a n e l l e s  w e r e  f o u n d  i n  a 
na r r ow b a n d  o f  p e r i p h e r a l  c y t o p l a s m .  They  had  a l a r g e  c e n t r a l  
v a c u o l e  w h i c h  o c c u p i e s  a l m o s t  a l l  t h e  c e l l  s p a c e ,  t h e  n u c l e u s
CL
was l a r g e  w i t h / d o u b l e  me mbr a ne  a nd  c o n t a i n e d  a n u c l e o l u s  a nd  
c o n d e n s e d  c h r o m a t i n  ( P l a t e  37 a , b a n d  P l a t e  36 a , b , e ) .  
C h l o r o p l a s t s  w e r e  a r r a n g e d  i n  t h e  n a r r o w  b a n d  of  p e r i p h e r a l  
c y t o p l a s m  c o n t a i n i n g  a n umbe r  of  s t a r c h  g r a i n s  ( P l a t e  36 d , f , g ) .  
The p l a s m a l e m m a  was  s m o o t h  a nd  s h o we d  a c o n t i n u o u s  a p p o s i t i o n  
t o  t h e  c e l l  w a l l  ( P l a t e  36 c , d , e  and  P l a t e  37 c , d ) .
M i t o c h o n d r i a  w e r e  a p p a r e n t  a s  c i r c u l a r  or  e l l i p s o ' d a l  
s e c t i o n s .  E n d o p l a s m i c  r e t i c u l u m  was  a l s o  p r e s e n t  t h o u g h  s p a r s e l y  
d i s t r i b u t e d  ( P l a t e  37 b , c ) .
The i n t e r c e l l u l a r  s p a c e s  w e r e  c l e a r l y  d e f i n e d  b u t  e l e c t r o n  
m a t e r i a l  was  f o u n d  t o  h a v e  a c c u m u l a t e d  a t  some j u n c t i o n s .  P l a t e  
f , d s h o ws  a l a r g e  t r i a n g u l a r  s p a c e  w i t h  one  t a p e r i n g  
j u n c t i o n  w i t h  a c c u m u l a t e d  m a t e r i a l .  P l a t e  36 e s h o ws  a s m a l l  
t r i a n g u l a r  i n t e r c e l l  s p a c e  f i l l e d  w i t h  e l e c t r o n  d e n s e  m a t e r i a l .  
The p l a s m a l e m m a  s h o ws  t h e  u s u a l  f e a t u r e  o f  a n a r r o w  c h a n n e l  
l i n k e d  by p l a s m a l e m m a  ( P l a t e  37 d ) .
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P l a t e  36
S e c t i o n s  t h r o u g h  u n i n f e c t e d  l e a f  of  P . v e r a
TEM c e l l  u l t r a s t r u c t u r e  ( I )
a )  m e s o p h y l l  c e l l s  
(x 2 5 9 0 ) .
b)  m e s o p h y l l  c e l l s  (x 2 6 5 2 ) .
c )  m i t o c h o n d r i o n ,  c e l l  w a l l ,  p l a s m a l e m m a ,  
t o n o p l a s t  me mb r a n e s  and  a p a r t  of  
c h l o r o p l a s t  (x 2 4 2 4 0 ) .
d ) c h l o r o p l a s t  w i t h  s t a r c h  g r a i n  , n u c l e u s ,  
c e l l  w a l l  and  m i t o c h o n d r i o n  (x 3 8 2 5 0 ) .
e )  n u c l e u s  and  n u c l e o l u s  w i t h  t w o  me mb r a n e s  
(x 1 0 1 6 1 ) .
f )  c h l o r o p l a s t  w i t h  l a r g e  s t a r c h  g r a i n s  
(x 1 0 2 0 0 ) .
g )  c y t o p l a s m ,  c h l o r o p l a s t  a nd  t o n o p l a s t  
me mb r a n e s  (x l O l l l ) .
C -  c h l o r o p l a s t  
CW - c e l l  w a l l  
i s  - i n t e r c e l l u l a r  s p a c e  
M -  m i t o c h o n d r i o n  
N - n u c l e u s  
PM - p l a s m a l e m ma  
S -  s t a r c h  ’
.< M /  ..*. .. # '
T  /..■ «■ ' 'i -  <»>• /  .V  •
M  # #
%
154
P l a t e  37
S e c t i o n  t h r o u g h  u n i n f e c t e d  l e a f  of  P .  v e r a
TEM c e l l  u l t r a s t r u c t u r e  ( I I )
a )  a r r a n g e m e n t  of  c h l o r o p l a s t ,  n u c l e u s ,  
me mb r a n e  i n  m e s o p h y l l  c e l l s .
(x 3 4 1 7 ) .
b ) n u c l e u s  ( w i t h  d o u b l e  m e m b r a n e ) ,  n u c l e u s ,  
m i t o c h o n d r i o n  a nd  e n d o p l a s m i c  r e t i c u l u m  
(x 1 4 0 0 0 ) .
c )  c e l l  w a l l ,  m i t o c h o n d r i o n ,  e n d o p l a s m i c  
r e t i c u l u m ,  p l a s m a l e m m a  a n d  t o n o p l a s t  
me mb r a n e s  ( x - 3 3 4 1 ) .
d ) t w o  a d j a c e n t  c e l l s  s h o w i n g  p l a s m o d e s m a t a , 
p l a s m a l e m m a ,  t o n o p l a s t  me mb r a n e s  and  
m i t o c h o n d r i a .  C e l l  d e b r i s  i s  p r e s e n t  i n  
l e f t  h a n d  c e l l  ( x ggoO ) '
Db -  c e l l  d e b r  i s
ER -  e n d o p l a s m i c  r e t i c u l u m
i S  -  i n t e r c e l l u l a r  s p a c e
M -  m i t o c h o n d r i o n
N -  n u c l e u s
Pd -  p l a s m a d es  ma t a
1%
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5 . 4 .  Membr ane  Co mp l e x
C o m p l i c a t e d  me mbr a ne  s y s t e m  o f  unknown  n a t u r e  was  
f o r me d  i n  v a r i o u s  s h a p e s  a n d  p l a c e s  i n  t h e  i n f e c t e d  l e a f  
s e c t  i o n .
P l a t e  38 a - f  s h o ws  t h e  v a r i e d  s h a p e s  of  membr ane  
c o mp l e x  m a t e r i a l  i n  v a r i o u s  p o s i t i o n s  i n  t h e  c e l l .  A,  f  s hows  
t h e  c o m p l e x  me mb r a n e  a s s o c i a t e d  w i t h  c h l o r o p l a s t ;  b , c  w i t h  t h e  
c y t o p l a s m .  C was  t h e  s e c t i o n  of  t h e  P a t h o g e n  S .  p i s t a c i a r u m  
w i t h  t h e  me mbr a ne  c o m p l e x  a s s o c i a t e d  w i t h  n u c l e u s .
P l a s m Q d e s  ma t a
P l a t e  39 s h o ws  t h e  s e c t i o n  of  t h e  i n t e r f a c e  b e t w e e n  t wo  
c e l l s  of  i n f e c t e d  l e a f .  ( a )  s h o ws  a h e a v y  d e p o s i t  of  e l e c t r o n -  
d e n s e  m a t e r i a l  i n  c o n t a c t  w i t h  t h e  c e l l  p l a s m a l e m m a  and  t h e  
v é s i c u l a t i o n  of  t h e  h o s t  p l a s m a l e m m a  i n  t h e  a d j a c e n t  c e l l .  ( b )  
shows  t h e  h e a l t h y  p a r t  o f  t h e  s e c t i o n  of  t wo  a d j a c e n t  c e l l s  
w i t h  p l a s m e d e s m a t a .
A s h o ws  t w o  a d j a c e n t  c e l l s  w i t h  d i f f e r e n t  d e g r e e s  of  
i n f e c t i o n  r e s p o n s e .  The l o w e r  c e l l  s h o ws  m a s s i v e  t o n o p l a s t  
t h i c k e n i n g  a nd  f o l d i n g  w i t h  c o l l a p s e  o f  t h e  c y t o p l a s m  a nd  t h e  
c o n t i g u o u s  a s s o c i a t i o n  w i t h  t h e  p l a s m a l e m m a .  The u p p e r  c e l l  
shows a q u a n t i t a t i v e l y  r e d u c e d  r e s p o n s e ;  t h e  c y j b o p l a s m i s  
s ho wi n g  some v é s i c u l a t i o n .  The p l a s m a d e s m a t a  s how t h e  p r e s e n c e  
of s e v e r a l  s t r a n d s  of  u n d i s r u p t e d  me mbr a ne  m a t e r i a l  t r a v e r s i n g  
t h e  p l a s m o d e s m a t a l  c a n a l .  ( c )  s h o ws  a l a t e r  s t a g e  of  i n f e c t i o n  
w i t h  b o t h  c e l l s  w i t h  d i s r u p t e d  t o n o p l a s t  me mb r a n e s  a nd  a c c u m u ­
l a t i o n  o f  e l e c t r o n - d e n s e  m a t e r i a l  w i t h i n  t h e  v a c u o l e .  The
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The p l a s m o d e s m a t a  s how d i s r u p t e d  me mbr ane  w i t h i n  t h e  c a n a l ,  
(d)  s h o ws  t wo  a d j a c e n t  c e l l s ,  a me mbr a ne  c o m p l e x  was  p r e s e n t  
i n b o t h  c e l l s  a nd  t o n o p l a s t  and  p l a s m a l e m m a  i n  t h i s  s t a g e  of  
i n f e c t i o n  w e r e  p r e s e n t  a n d  u n d a m a g e d .  The me mbr ane  c o m p l e x e s  
were  e i t h e r  a s s o c i a t e d  w i t h  n u c l e u s  or  v a c u o l e ,  v é s i c u l a t i o n  
of t h e  h o s t  v a c u o l e  w e r e  p r e s e n t  i n  t h e  u p p e r  c e l l  a s o i s c i a t e d  
w i t h  a me mbr a ne  c o m p l e x .
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P l a t e  38
S e c t i o n  t h r o u g h  l e a f  of  P . v e r a  i n f e c t e d  w i t h
5 .  p i s t a c i a r u m  TEM
a )  h o s t  c e l l  w i t h  me mbr a ne  c o m p l e x  a s s o c i a t e d  
w i t h  c h l o r o p l a s t  (x 1 1 2 0 0 ) .
b)  h o s t  c e l l  w i t h  me mbr a ne  c o m p l e x  a s s o c i a t e d  
w i t h  c h l o r o p l a s t  (x 1 1 2 0 0 ) .
c )  h y p h a l  c e l l  w i t h  me mbr a ne  c o m p l e x  a s s o c i a t e d  
w i t h  n u c l e u s  (x 3 0 2 4 0 ) .
d ) h o s t  c e l l  w i t h  me mbr a ne  c o m p l e x  i n  
d i s i n t e g r a t e d  c y t o p l a s m  (x 1 0 8 8 9 ) .
e )  h o s t  c e l l  w i t h  me mbr a ne  c o m p l e x  a s s o c i a t e d  
w i t h  c h l o r o p l a s t  (x 1 0 8 8 9 ) .
f )  h o s t  c e l l  w i t h  me mbr a ne  c o m p l e x  a s s o c i a t e d  
w i t h  c h l o r o p l a s t  (x 1 0 8 8 9 ) .
C -  c h l o r o p l a s t  
HCW - h o s t  c e l l  w a l l  
m -  c o m p l e x  membr ane  
M - m i t o c h o n d r i o n  




P l a t e  3 9
S e c t i o n  t h r o u g h  u n i n f e c t e d  l e a f  of  P . v e r a  and 
l e a f  of  P.  v e r a  i n f e c t e d  w i t h  S .  p i s t a c i a r u m  TEM 
p l a s m e d e s m a t a  u l t r a s t r u c t u r e .
a )  20  d a y s  a f t e r  i n f e c t i o n .  C e l l  w a l l  b e t w e e n  
t wo  a d j a c e n t  c e l l s ,  s h o w i n g  t wo  p l a s m e d e s m a t a  
The u p p e r  c e l l  s h o ws  v é s i c u l a t i o n  of  t h e  
c y t o p l a m  and  l o w e r  c e l l  s h o ws  t h i c k e n i n g  and 
f o l d i n g  of  t h e  t o n o p l a s t  me mb r a n e s  ( x 3 S ' 5 “üO).
b)  u n i n f e c t e d  c e l l s  ( c o n t r o l )  w i t h  t wo  
p l a s m e d e s m a t a , i n t e r  c e l l u l a r  s p a c e ,  p l a s m a  lemma 
and  t o n o p l a s t  me mb r a n e s  a l l  p r e s e n t .  C e l l  
d e b r i s  s hown i n  l o w e r  c e l l  ( x ^ o o o ) .
c )  25 d a y s  a f t e r  i n f e c t i o n .  C e l l  w a l l  b e t w e e n  
t wo  a d j a c e n t  c e l l s  s h o w i n g  3 p l a s m e d e s m a t a , the 
l o w e r  c e l l  s h o ws  c o l l a p s e d  i n  w h i c h  pl asmal emma 
h a s  f r a g m e n t e d  and  d i s i n t e g r a t e d ,  c h l o r o p l a s t  
b o u n d i n g  membr ane  h a s  d i s r u p t e d  and  e l e c t r o n  
d e n s e  m a t e r i a l  a r e  p r e s e n t  ( x ) .
d ) 20  d a y s  a f t e r  i n f e c t i o n  (1 mm away f r o m  c e n t r e  
of  l e s s i o n ) .  S h o wi n g  t h e  s w o l l e n  c h l o r o p l a s t  
w i t h  e n l a r g e d  s t a r c h  g r a i n s ,  c e l l  membr ane  
c o m p l e x  and  v e s i c o l e  a r e  p r e s e n t  i n  u p p e r  c e l l .  
I n  l o w e r  c e l l  a l s o  me mbr ane  c o m p l e x e s  a s s o c i a t e d  
w i t h  n u c l e u s  a r e  p r e s e n t ,  (x 9 8 0 0 ) .
Db -  c e l l  d e b r i s  
HP - h o s t  p l a s m a l e m m a / t o n o p l a s t  
i s  - i n t e r c e l l u l a r  s p a c e  
H -  m i t o c h o n d r i o n  
Pd -  p l a s m a d e s m a t a  
vs  - v e s i c u l e  
Wt -  c e l l  w a l l  t h i c k e n i n g
%
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5, 5.  P r o g r e s s  o f  i n f e c t i o n  w i t h i n  t h e  L e a f  (^ *p i s ^ i a r u m)
D i s t r i b u t i o n  of  H y p h a e .
The e a r l y  s t a g e  of  i n f e c t i o n  ( 2 0  d a y s )  s hown  i n  SEM 
f r e e z e  f r a c t u r e  p r é p a r â t  i o n s s h o w e d  i n t e r c e l l u l a r  h y p h a e  
r a m i f y i n g  t h r o u g h  t h e  r e g i o n  a d j a c e n t  t o  t h e  i n o c u l a t e d  
e p i d e r m i s  ( P l a t e  41 b ) .  The p a l i s a d e  t i s s u e  h a d  n o t  b e e n  
i n v a d e d ;  no h y p h a e  w e r e  o b s e r v e d  i n  t h e  u p p e r  p a l i s a d e  r e g i o n  
and t h e  s e c t i o n  a p p e a r e d  ( P l a t e  4 1 c )  a s  t h e  c o n t r o l  ( P l a t e  4 1 a ) .
I n  m a t u r i n g  l e s i o n s  t h e  h y p h a e  w e r e  s p a r s e l y  d i s t r i b u t e d  
i n t h e  i n t e r c e l l u l a r  s p a c e s .  No p e n e t r a t i o n  of  t h e  h o s t  c e l l s  
was o b s e r v e d .  The h y p h a e  w e r e  e i t h e r  i m m e d i a t e l y  a d j a c e n t  
( P l a t e  5 0 a , b , c )  t o  a h o s t  c e l l  w a l l  o r  p a s s e d  t h r o u g h  t h e  
i n t e r c e l l u l a r  s p a c e  w i t h o u t  a n y  a p p a r e n t  h o s t  c e l l  c o n t a c t  
( P l a t e  46  c , d ) .  The n umbe r  of  h y p h a e  i n  a ny  p a r t i c u l a r  s p a c e  
a p p e a r e d  t o  be l o w .  The o r i e n t a t i o n  of  t h e  h y p h a e  was  r a n d o m  
and s e c t i o n s  o f  h y p h a e  c u t  i n  a l l  p l a n e s  c o u l d  be  f o u n d .
P l a t e  47 e s h o ws  h y p h a e  i n  T . S .  a nd  L . S .  G r a n u l a r  i n t e r c e l l u l a r  
m a t e r i a l  was  a l s o  f o u n d  i n  some i n t e r c e l l u l a r  s p a c e s  ( P l a t e  48 
a , e ) .  E x t e r n a l  h y p h a e  w e r e  p r e s e n t  i n  f a v o u r a b l e  s e c t i o n s  
p a r t i c u l a r l y  i n  m a t e r i a l  w h i c h  had  b e e n  i n f e c t e d  f o r  30+ d a y s  
( n ) .  ( 4 8 b )  .
T h e s e  h y p h a e  w e r e  n o t  a t t a c h e d  t o  t h e  e p i d e r m a l  s u r f a c e  
and i n  P l a t e  4 8 b  w e r e  d i s t r i b u t e d  i m m e d i a t e l y  a b o v e  a s t o m a t a l  
a p e r t u r e .
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5. 6 .  H y p h a l / C e l l  Wa l l  A t t a c h m e n t (  S . p i s t ^ a r u m )
The h y p h a l  w h i c h  w e r e  a s s o c i a t e d  w i t h  t h e  c e l l  w a l l  o f  
t h e  h o s t  m e s o p h y l l  w e r e  a l w a y s  s u r r o u n d e d  by a l a y e r  or  e x t r a ­
c e l l u l a r  s h e a t h  o f  e l e c t r o n - d e n s e  m a t e r i a l  ( P l a t e  50  a - d )  w h i c h  
a p p e a r e d  t o  a t t a c h  t h e  h y p h a e  t o  t h e  c e l l  w a l l .  I n  e a r l y  
s t a g e s  o f  t h e  i n f e c t i o n s  a s  i n d i c a t e d  by h o s t - c e l l  r e s p o n s e s  
( h o s t  r e s p o n s e  s e c t i o n )  t h e  a m o u n t  o f  m a t e r i a l  was  s m a l l .
P l a t e  47d  s h o ws  a n  L . S .  w i t h  a s i n g l e  p o i n t  o f  c o n t a c t  w i t h  
a s m a l l  p a d  o f  m a t e r i a l .  P l a t e  4 7 a  s h o ws  c e l l s  i n  c o n t a c t  
w i t h o u t  a n y  e x t r a c e l l u l a r  s h e a t h  m a t e r i a l  d e v e l o p e d ,  ( b )  shows  
a hy p h a  w i t h i n  h o s t  i n t e r c e l l u l a r  s p a c e  r e g i o n  w i t h o u t  
s h e a t h i n g  m a t e r i a l .  Hy pha e  i n  c o n t a c t  w i t h  e a c h  o t h e r  ( e - f )  
show no i n d i c a t i o n  o f  m a t e r i a l  d e p o s i t e d  b e t w e e n  t h e  h y p h a e .
I n  o l d e r  i n f e c t i o n  t h e  d e v e l o p m e n t  o f  s h e a t h i n g  m a t e r i a l  
was e n h a n c e d  a nd  some h y p h a e  s h o we d  a c o m p l e t e  s h e a t h  w i t h  
l a r g e  d e p o s i t s  o f  m a t e r i a l  a c c u m u l a t e d  b e t w e e n  t h e  h o s t  c e l l  
and t h e  i n t e r c e l l u l a r  h y p h a e  P l a t e  5 1 a ,  b , d ,  P l a t e  50 a , b , c , d . 
Where mor e  t h a n  o ne  h y p h a  was  p a s s i n g  t h r o u g h  a s m a l l  i n t e r ­
c e l l u l a r  s p a c e  t h e  s h e a t h  e x t e n d e d  b e t w e e n  t h e  t wo  h y p h a e  
( P l a t e  50 a ) .  When a h y p h a  was  i n  a n a r r o w  i n t e r c e l l u l a r  
s p a c e  t h e  e x t r a c e l l u l a r  s h e a t h i n g  m a t e r i a l  was  p r e s e n t  a s  a 
d e n s e  l a y e r  o v e r  t h e  h y p h a l  s u r f a c e  ( P l a t e  50  c ) .  The 
m a t e r i a l  i n  g l u t a r a l  d e h y d e / o s m i u m  d o u b l e  f i x a t i o n  s howe d  a s  
v e r y  s m a l l  g r a n u l e s .
Hy p h a e  w i t h o u t  c o n t a c t s  w i t h  h o s t  c e l l s ,  a t  l e a s t  i n  
t h e  p l a n e  o f  s e c t i o n ,  s h o we d  u n e v e n  d e p o s i t s  o f  e x t r a c e l l u l a r
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s h e a t h i n g  m a t e r i a l  ( b )  l e a d i n g  t o  a n  u n e v e n  p r o f i l e  of  t h e  
h y p h a l  s e c t i o n .
I n  SEM f r e e z e  f r a c t u r e  o b s e r v a t i o n  t h e  m a t e r i a l  wh i c h  
a c t e d  a s  a n  a d h e s i v e  s h o we d  t h a t  t h e  m a t e r i a l  was  o n l y  
r e v e a l e d  a t  p o i n t s  o f  c o n t a c t s  b e t w e e n  h o s t  c e l l  and  h y p h a .  
The u n i f o r m i t y  o f  t h e  m a t e r i a l  s e e n  i n  TEM was  n o t  s hown i n  
t h e  SEM t h e  m a t e r i a l  a p p e a r e d  t o  be f i b r i l l a r  or  s t r a n d e d  i n  
n a t u r e  ( P l a t e  42 a , b ) .
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5 , 7 .  H o s t  R e s p o n s e
The h o s t - p a t h o g e n  i n t e r f a c e  was  v a r i e d  w i t h i n  any  
one s e c t i o n  b u t  a s  t h e  i n f e c t i o n  p r o c e s s  c o n t i n u e d  and  
t h e  l e s i o n  m a t u r e d  a g e n e r a l i s e d  d i s o r g a n i s a t i o n  of  t h e  
h o s t - c e l l  c y t o p l a s m  o c c u r / e d .
E a r l y  s t a g e s  of  i n f e c t i o n  ( 1 1  d a y s  a f t e r  i n o c u l a t i o n )  
s howed  a v e s i c u l a t e d  a p p e a r a n c e  o f  t h e  c y t o p l a s m  a d j a c e n t  
t o  t h e  n u c l e u s  ( P l a t e  4 5 ) .  The m a r g i n a l  c y t o p l a s m  
s howed  n o r m a l  e l e c t r o n  d e n s i t y .  The c h l o r o p l a s t  s howe d  
no a p p a r e n t  c h a n g e s  i n  t h e  o r g a n i s a t i o n  o f  t h e  p h o t o ­
s y n t h e t i c  l a m e l l a e ,  b u t  s m a l l  e l e c t r o n - d e n s e  b o d i e s ,  t h e  
p l a s t o g l o b u l i  a p p e a r e d  t o  be  more  n u m e r o u s  t h a n  i n  u n i n ­
f e c t e d  m a t e r i a l ,  t h e  p l a s t o g 1 o b u l i  ( g )  v a r i e d  i n  d i a m e t e r  
and i n  n u mb e r  i n  a n y  one  s e c t i o n .  P l a t e  45 a s h o ws  a 
c h l o r o p l a s t  w i t h  12 p g / s e c t i o n ;  b)  w i t h  27 p g .
a .
The p l a s mUemma d i d  n o t  s how a u n i f o r m  r e s p o n s e  f r o m  
c e l l  t o  c e l l  ( P l a t e  45 ) .  The r e s p o n s e  v a r i e d  f r o m  a 
s e r i e s  o f  s m a l l  u n d u l a t i o n s  t o  m a j o r  f o l d i n g .  The t o n o ­
p l a s t  r e s p o n s e  was  q u a n t i t a t i v e l y  g r e a t e r  t h a n  t h e  
p l a s m a l e m m a  and  f o l d i n g ,  l e a d i n g  t o  m a j o r  d i s c o n t i n u i t i e s  
or  f r a g m e n t a t i o n  o f  t h e  t o n o p l a s t  was  s hown by many 
s e c t i o n s .  P l a t e  45 b - e  s h o ws  t h e  v a r i a t i o n  i n  t o n o p l a s t  
r e s p o n s e  w i t h  t h e  m a j o r  f o l d i n g  s hown  i n  ( d )  and  t h e  
d i s c o n t i n u i t i e s  i n  e .
A f t e r  25 d a y s ,  i n  t h e  c e n t r e  of  t h e  l e s i o n  h o s t  c e l l s  
showed v a r i a b l e  r e s p o n s e s .  Gu a r d  c e l l  c o n t e n t s  and
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e p i d e r m a l  c e l l s  s h o we d  c o m p l e t e  d i s o r g a n i s a t i o n ,  w i t h  
f u n g a l  h y p h a e  a t t a c h e d  t o  t h e  g u a r d  c e l l s  ( P l a t e  46 a + b ) .  
I n  m e s o p h y l l  c e l l s  t h e  c h l o r o p l a s t s  w e r e  s w o l l e n  w i t h  
l a r g e r  i n t e r - l a m e l l a r  s p a c e s  a nd  e n l a r g e d  p l a s t o g l o b u l i . 
The p l a s m a l e m m a  was  s e p a r a t e d  f r o m  t h e  h o s t - c e l l  w a l l  
b u t  was  i n t a c t .
A f t e r  3 5 - 5 5  d a y s  many o f  t h e  h o s t  c e l l s  s h o we d  
c o m p l e t e  d i s o r g a n i s a t i o n  ( P l a t e  49  a , b , c )  w i t h  e l e c t r o n -  
d e n s e  m a t e r i a l  b e i n g  d i s t r i b u t e d  t h r o u g h o u t  t h e  d i s o r ­
g a n i s e d  v a c u o l e .  Th o u g h  t h e  l e s i o n  was  f u l l y  d e v e l o p e d  
some h o s t  c e l l s  h a d  n o t  f u l l y  d i s o r g a n i s e d  ( P l a t e  48 a - e ,  
P l a t e  47  a - f ) .  Some h o s t  c e l l s  s h o we d  a s m a l l  l o b e - l i k e  
f o l d i n g  o f  t h e  c e l l  w a l l  ( P l a t e  47 a , b ) .  I n t e r c e l l u l a r  
m a t e r i a l ,  c o n s i s t i n g  o f  s m a l l  e l e c t r o n - d e n s e  g r a n u l e s  
e n c l o s e d  i n  an e l e c t r o n - d e n s e  b o u n d a r y  l a y e r ,  was  d i s t r i ­
b u t e d  p a t c h i l y  i n  some s e c t i o n s  ( P l a t e  48  a , e ;  P l a t e  49  
a , b , c  ) .
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5 . 8 .  H y p h a l  S t r u c t u r e
I n  e a r l y  s t a g e s  of  i n f e c t i o n  t h e r e  was  no e v i d e n c e  of  
s h o r t - o r d e r  b r a n c h i n g  h y p h a e  o r  v e r y  d e n s e  h y p h a l  p o p u l a t i o n  
in a n y  one  i n t e r c e l l u l a r  s p a c e ,  P l a t e  48 a - e .
The h y p h a  was  s m o o t h  a n d  c o n t i n u o u s .  S i m p l e  c e n t r a l l y  
p e r f o r a t e  s e p t a e  a r e  f o r m e d  ( c , e )  w i t h  Wo r o n i n  b o d i e s  a s s o c ­
i a t e d  w i t h  t h e  p o r e .  The h y p h a l  w a l l  i n  c o n t a c t  w i t h  t h e  h o s t  
c e l l  s h o we d  a s m a l l  a mo u n t  o f  e l e c t r o n - d e n s e  s h e a t h  m a t e r i a l  
a t  t h e  p o i n t  of  c o n t a c t  ( d ) ,  t h i s  m a t e r i a l  was  n o t  o b s e r v e d  
t o  c o v e r  t h e  h y p h a e .  The v a c u o l e s  w e r e  l a r g e ,  m i t o c h o n d r i a  
we r e  p r e s e n t  a nd  a p p e a r e d  a s  o v a l -  r o u n d  s e c t i o n  a nd  t h e  
n u c l e i  h a d  a d o u b l e - m e m b r a n e , L i p i d  b o d i e s  w e r e  n o t  o b s e r v e d .
P l a t e  50  a - d  s h o ws  v e r y  f i n e  s t r u c t u r e  o f  h y p h a e  i n  
l a t e r  s t a g e s .  ( a )  s h o ws  t h e  s t r u c t u r e  o f  t wo  f u n g u s  h y p h a e  i n  
c o n t a c t  w i t h  h o s t  c e l l s  by s h e a t h i n g  m a t e r i a l  n u c l e u s  and  
membr ane  c o m p l e x  a s s o c i a t e d  w i t h  t h e  n u c l e u s  w e r e  p r e s e n t ;  one  
l i p i d  b o d y  was  f o u n d  i n  e a c h  o f  t h e  h y p h a e .  ( b )  s h o ws  t h e  
s e c t i o n  o f  t wo  s i n g l e  s e p a r a t e d  h y p h a e ,  t h e  one  a d j a c e n t  t o  
t h e  h o s t  c e l l  h a d  t wo  l a r g e  v a c u o l e ,  m i t o c h o n d r i a  were p r e s e n t  
P l a s ma l e m ma  me mbr a ne  was  w e l l  d e f i n e d .  The h y p h a  was  
s u r r o u n d e d  by a n  a m o r p h o u s  e l e c t r o n - d e n s e  s h e a t h i n g  m a t e r i a l ,  
( c )  was  s h o wn  i n  P l a t e  51 a - d .  P l a t e  51 a - d  s h o ws  t h e  s e c t i o n  
of  i n t e r c e l l u l a r  h y p h a e  and  t y p i c a l  c o m p o n e n t  o f  t h e  h y p h a l  
c e l l  w i t h  i n c o m p l e t e  s e p t u m  l i k e  i n f o l d i n g  o f  t h e  h y p h a l  w a l l .  
The numbe r  of  m i t o c h o n d r i a  was  i n c r e a s e d  i n  t h e  t i p s  o f  t h e  
h y p h a e ,  t h e y  w e r e  c i r c u l a r  or  e l l i p s o d a l  i n  s e c t i o n ;  t h e  
v a c u o l e s  w e r e  s m a l l e r  b u t  more  n u m e r o u s .  L i p i d  b o d i e s  we r e
p r e s e n t  i n  l a r g e  n u m b e r s .  R i b o s o me  w e r e  c l e a r l y  d e f i n e d  i n  
P l a t e  5 1 c .
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P l a t e  41
SEM of  f r e e z e - f r a c t u r e d  i n f e c t e d  l e a v e s  
i n o c u l a t e d  20  d a y s  p r e v i o u s l y  w i t h  
p i s t a c i a r u r n  s h o w i n g  r a m i f i c a t i o n  of  t h e  
i n t e r c e l l u l a r  h y p h a e .
a )  u n i n f e c t e d  l e a f ,  p a l i s a d e  m e s o p h y l l .  (x3846)
b)  i n f e c t e d  l e a f  a f t e r  15 d a y s  w i t h  h y p h a e  
r a m i f y i n g  t h r o u g h  a b a x i a l  i n t e r c e l l u l a r  
s p a c e s  . ( X 2 6 9 2 ) .
c )  i n f e c t e d  l e a f  a f t e r  15 d a y s  s h o w i n g  no 
h y p n a e  p r e s e n t  i n  t h e  p a l i s a d e  m e s o p h y l l .
(x 3 4 6 0 ) .
$A
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P l a t e  42
S . p i s t a c i a r u m  S E M
F r e e z e  f r a c t u r e  o f  i n f e c t e d  l e a f  a f t e r  20  
d a y s .
a )  a d h e s i o n  o f  h y p h a  t o  t h e  w a l l  o f  p a l i s a d e  
c e l l  (x 1 0 9 5 2 ) .
b )  same a s  a )  w i t h  l o w e r  m a g n i f i c a t i o n  
(x 5 5 2 4 ) .
h -  h y p h a  




P l a t e  43
SEM of  f r e e z e - f r a c t u r e d  i n f e c t e d  l e a v e s  
i n o c u l a t e d  20 d a y s  p r e v i o u s l y  w i t h  S .  
p i s t a c  i a r u r n  s h o w i n g  r a m i f i c a t i o n  of  t h e  
i n t e r c e l l u l a r  h y p h a e ,
a )  b r a n c h e d  h y p h a e  i n  i n t e r c e l l u l a r  s p a c e s  (x2692)
b)  b r a n c h e d  h y p h a e  i n  i n t e r c e l l u l a r  s p a c e s  (x3300)
c )  a s p e c t  of  P l a t e  a ) .  ( x 3 0 7 6 ) .
Ii
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P l a t e  44
SEM of  f r e e z e - f r a c t u r e d  i n f e c t e d  l e a v e s  
i n o c u l a t e d  2 0 d a y s  p r e v i o u s l y  w i t h  S^ . 
p i s t a c i a r u m  s h o w i n g  r a m i f i c a t i o n  of  t h e  
i n t e r c e l l u l a r  h y p h a e .
a )  c l u s t e r s  of  h y p h a e  i n  s u b - s t o m a t a l  s p a c e . (xl852)
b)  h y p h a e  l i n i n g  s u b - s t o m a t a l  c a v i t y .  ( x 7 2 9 ) .
c )  i n i t i a l  s t a g e s  o f  p e n e t r a t i o n  s h o w i n g  two 
h y p h a e  r a m i f y i n g  o v e r  t h e  i n n e r  s u r f a c e  
of  t h e  a b a x i a l  e p i d e r m i s .  ( x l 4 0 1 ) .
i
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P l a t e  45
S e c t i o n  t h r o u g h  l e a f  of  P .  v e r a  i n f e c t e d  w i t h  
5 .  p i s t a c i a r u m  TEN a f t e r  11 d a y s .
T o n o p l a s t  c h a n g e s  i n  h o s t  c e l l s .
a )  v é s i c u l a t i o n  a d j a c e n t  t o  t o n o p l a s t  (x
b)  f o l d i n g  of  t o n o p l a s t  (x 1 0 7 3 3 ) .
c )  i n c r e a s e d  e l e c t r o n  d e n s i t y  of  t o n o p l a s t  
(x 1 0 5 8 5 ) .
d)  i n c r e a s e d  f o l d i n g  of  t o n o p l a s t  (x ) .
e )  d i s r u p t i o n  or  f r a g m e n t a t i o n  o f  t o n o p l a s t  
shown by t wo  a r r o w s  (x 1 0 7 0 5 ) .
t o n o p l a s t  f o l d i n g  s hown by s i n g l e  a r r o w .
C - c h l o r o p l a s t
HCW - h o s t  c e l l  w a l l
M - m i t o c h o n d r i o n
V - v e s i c u l e
N -  n u c l e u s
« î
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P l a t e  46
S e c t i o n  t h r o u g h  l e a f  of  P . v e r a  i n f e c t e d  w i t h
S .  p i s t a c i a r u m  a f t e r  25 d a y s  TEN
a )  \ / s  o f  s t o m a t a l  a p p a r a t u s  s h o w i n g  f u n g a l  
h y p h a e  p r e s e n t  i n  s u b  s t o m a t a l  s p a c e .
(x 2800 ) .
b)  \ / s  t h r o u g h  g u a r d  c e l l  s h o w i n g  u n d i s r u p t e d  
c u t  i c l e ^ , f u n g a l  h y p h a  i n  c o n t a c t  w i t h  h o s t  
g u a r d  c e l l  w a l l  (x 1 0 1 8 2 ) ,
c ) 
d) s e c t i o n s  t h r o u g h  s p o n g y  m e s o p h y l l  c e l l  s h o w i n g  t h e  p l a s m a l e m m a  p u l l e d  away f r o m 
c e l l  w a l l  ( a r r o w s ) ,  c h l o r o p l a s t s  d i s r u p t e d  
and  s w o l l e n .  F u n g u s  h y p h a e  i n  i n t e r ­
c e l l u l a r  s p a c e s  c (x 1 0 0 0 0 ) ,  d (x 9722 ) .
Cu -  c u t i c l e  
EP -  e p i d e r m a l  c e l l  
F - f u n g u s  
GC -  g u a r d  c e l l  
HCW - h o s t  c e l l  w a l l  
HP -  h o s t  p l a s m a l e m m a  




P l a t e  4 7
S e c t i o n  t h r o u g h  l e a f  of  P . v e r a  i n f e c t e d  w i t h
S . p i s t a c  i a r u m  TEM a f t e r  35 d a y s .
D i s t r i b u t i o n  o f  i n t e r c e l l u l a r  h y p h a e  of
S .  p i s t a c i a r u m .
a )  h y p h a  i n  c o n t a c t  w i t h  h o s t  c e l l  b u t  w i t h o u t  
e x t r a c e l l u l a r  s h e a t h i n g  m a t e r i a l  (x 12216  ) .
b)  i n t e r c e l l u l a r  h y p h a  w i t h o u t  s h e a t h  ( x  12000 ) .
c )  s e p t a t e  h y p h a  i n  c o n t a c t  w i t h  h o s t  c e l l  b u t  
w i t h o u t  s h e a t h i n g  m a t e r i a l  (x 1 2 0OO )•
d )  h y p h a  s h o w i n g  c o n t a c t  w i t h  h o s t  c e l l  w i t h  
e x t r a c e l l u l a r  m a t e r i a l  a t  p o i n t  of  c o n t a c t  
(x . 2 4 5 0  ) .
e )  t w o  h y p h a e  i n  c o n t a c t  w i t h o u t  s h e a t h  m a t e r i a l  
(x 12450 ) .
f ) t w o  h y p h a e  i n  c o n t a c t  w i t h o u t  s h e a t h  m a t e r i a l  
(x 12450 ) .
CP - c e n t r a l  p e r f o r a t i o n
F - f u n g u s  c e l l  w a l l
F - f u n g u s
h e - h o s t  c h l o r o p l a s t
HC - h o s t  c e l l
HV - h o s t  v a c u o l e
I M - i n t e r c e l l u l a r  m a t e r i a l
iS - i n t e r c e l l u l a r  s p a c e
L - c e l l  w a l l  l o o p
N - n u c l e  u s
NC - n e c r o t i c  c e l l
s p - s e p t  um
T - t  o n  o p  l a s t
W - w o r o n i n  b o d y
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P l a t e  48
S e c t i o n  t h r o u g h  l e a f  of  P . v e r a  i n f e c t e d  w i t h
S . p i s t a c i a r u m  T E M a f t e r  45 d a y s .
D i s t r i b u t i o n  of  h y p h a e  and  i n t e r c e l l u l a r
m a t e r i a l  i n  i n t e r c e l l u l a r  s p a c e s .
a )  s u b - e p i d e r m a l  a nd  i n t e r c e l l u l a r  h y p h a e  
(x 2 9 2 4  ) .
b)  s u b - s t o m a t a l  a nd  e x t e r n a l  h y p h a e  (x 3850 )
c )  s u b - e p i d e r m a l  a nd  i n t e r c e l l u l a r  h y p h a e  
(x 3550 ) .
d)  s p o n g y  m e s o p h y l l  a nd  i n t e r c e l l u l a r  h y p h a e  
(x ^ # 5  ) .
e )  s p o n g y  m e s o p h y l l  and  i n t e r c e l l u l a r  h y p h a e ,  
i n t e r c e l l u l a r  g r a n u l a r  m a t e r i a l  i s  p r e s e n t  
(x 3 1 3 0  ) .
EP - e p i d e r m a l  c e l l  
F - f u n g u s  
Gc - G u a r d  c e l l  
iM - I n t e r c e l l u l a r  m a t e r i a l  
is - I n t e r c e l l u l a r  s p a c e  





P l a t e  4 9
S e c t i o n s  o f  l e a f  o f  P .  v e r a  i n f e c t e d  w i t h
S.  p i s t a c i a r u m  a f t e r  45 d a y s .  TEM.
Ho s t  c e l l  r e a c t i o n
a )  D i f f e r e n t i a l  h o s t  r e s p o n s e  a d j a c e n t  t o  
i n t e r c e l l u l a r  h y p h a e .  Up p e r  l e f t  h o s t  
c e l l  w i t h  e n l a r g e d  c h l o r o p l a s t ,  u p p e r  
c e n t r a l  c e l l  and  l o w e r  t wo  c e l l s  e l e c t r o n  
d e n s e  m a t e r i a l  a c c u m u l a t i n g  i n  v a c u o l e  
i n t e r c e l l u l a r  g r a n u l a r  m a t e r i a l  i s  p r e s e n t ,  (x 3261)
b)  Hypha a d j a c e n t  t o  i n t e r c e l l u l a r  g r a n u l a r  
m a t e r i a l ,  (x 1 3 8 5 1 ) .
c )  Hypha a d j a c e n t  t o  i n t e r c e l l u l a r  g r a n u l a r  
m a t e r i a l ,  (x 1 3 7 5 0 ) .
CW - c e l l  w a l l  
HCW - h o s t  c e l l  w a l l  
HP -  h o s t  p l a s m a l e m m a
im -  i n t e r c e l l u l a r  g r a n u l a r  m a t e r i a l  
i s  - i n t e r c e l l u l a r  s p a c e  
L -  l i p i d  
s p  -  s e p t u m  
V -  v a c u o l e  
F -  f u n g u s  
F CW - f u n g u s  c e l l  w a l l
&
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P l a t e  50
S e c t i o n  t h r o u g h  l e a f  of  P . v e r a  i n f e c t e d  w i t h
5 .  p i s t a c i a r u m  TEM a f t e r  55 d a y s .
A d h e s i o n  of  i n t e r c e l l u l a r  h y p h a e  t o  h o s t  c e l l
w a l l .
a )  t wo  h y p h a e  w i t h  e x t r a c e l l u l a r  s h e a t h .
U p p e r  h o s t  c e l l  t o t a l l y  d i s o r g a n i s e d ,  
l o w e r  h o s t  c e l l  s h o w i n g  no r e s p o n s e .  
I n t e r c e l l u l a r  g r a n u l a r  m a t e r i a l  a r r o w e d .
(x 1 6 5 M ) .
b)  t wo  h y p h a e  w i t h  e x t r a c e l l u l a r  s h e a t h  
m a t e r i a l  (x 1 2 6 3 3 ) .
c )  s i n g l e  h y p h a  w i t h  p a r t i a l  s e p t u m  and 
e x t r a c e l l u l a r  s h e a t h .  H o s t  c e l l  s h o w i n g  
f o l d e d  t o n o p l a s t  ( x 11400 ) .
d)  d e t a i l  of  b ) .  E x t r a c e l l u l a r  m a t e r i a l  
f o r m i n g  a d h e s i o n  pad t o  h o s t  c e l l  w a l l .
(x 3 9 2 0 0 ) .
FCW - f u n g a l  c e l l  w a l l  
FP - f u n g a l  p l a s m a l e m m a  
HC - h o s t  c e l l
HCW - h o s t  c e l l  w a l l
HP - h o s t  p l a s m a l e m m a
HI - h o s t  t o n o p l a s t
i S  -  i n t e r c e l l u l a r  s p a c e
L - l i p i d
M -  m i t o c h o n d r i o n
V - v a c u o l e
WT - c e l l  w a l l  t h i c k e n i n g  
X - e x t r a c e l l u l a r  m a t e r i a l
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P l a t e  31
S e c t i o n  t h r o u g h  l e a f  of  P.  v e r a  i n f e c t e d  w i t h
S.  p i s t a c i a r u m  TEM a f t e r  55 d a y s .
U l t r a s t r u c t u r e  of  i n t e r c e l l u l a r  h y p h a e ,
a )  b)  d)  s e c t i o n  t h r o u g h  a h y p h a l  l o b e  s h o w i n g  a 
s e p t a l - l i k e  s t r u c t u r e  s e p a r a t i n g  t h e  t wo  
c o m p a r t m e n t s .  The c e l l  w a l l  s h o ws  t h e  
t wo  l a y e r s  of  t h e  c e l l  w a l l .  Hyphae  
s u r r o u n d e d  by e x t r a c e l l u l a r  s h e a t h i n g  
m a t e r  i a l . (^ K 1 iL+5 3^' )  (x 5 7 7 5 0 ^
c )  LS t h r o u g h  h y p h a  w i t h  e x t r a c e l l u l a r  s h e a t h .  
Ho s t  c e l l  s h o w i n g  p l a s  ma l e m m a / t o n o p l a s t  
f  o l d  i ng
I - i ^ ,  I ,
- i n n e r  l a y e r  one
- i n n e r  l a y e r  t wo  
L -  l i p i d  body
M -  m i t o c h o n d r i o n  
0 -  o u t e r  l a y e r
R - r i b o s o m e
X -  e x t r a c e l l u l a r  m a t e r i a l








5.É|. D i s t r i b u t i o n  of  H y p h a e . ( S . p i s t a c i n a )
P l a t e  55 a , d  s hows  t h e  d i f f e r e n t  s t a g e s  o f  t h e  i n f e c t i o n ,  
e a r l y  s t a g e s  ( a , b )  and  l a t e r  s t a g e s  ( c . d ) .
a s hows  t h e  d i s t r i b u t i o n  of  h y p h a e  i n  t h e  i n t e r c e l l u l a r  
s p a c e s  e i t h e r  a d j a c e n t  t o  t h e  h o s t  c e l l s  o r  t o  e a c h  o t h e r .  No 
p e n e t r a t i o n  was o b s e r v e d  i n t o  t h e  h o s t  c e l l  w a l l .  The c o n t a c t  
of  t h e  p a t h o g e n  and  h o s t  c e l l  was  by h y p h a l  w a l l  t o  h o s t  c e l l  
w a l l  c o n t a c t .  A l a y e r  of  e l e c t r o n - d e n s e  m a t e r i a l  f o r m e d  a 
s h e a t h  o v e r  t h e  h y p h a e .  The number  of  h y p h a e  i n  any  p a r t i c u l a r  
s p a c e  a p p e a r e d  t o  be h i g h  and  i n  t h e  l a t e r  s t a g e s  of  i n f e c t i o n  
h y p h a e  o c c u p i e d  a l m o s t  50- 75% of  t h e  i n t e r c e l l u l a r  s p a c e .
B r a n c h  f r e q u e n c y  was h i g h .  The s e c t i o n s  t h r o u g h  t h e  
h y p h a e  ( c )  s hows  l o b e d  b r a n c h e s .  ( d )  s hows  t h e  g r o w t h  of  
h y p h a e  i n  a s m a l l  i n t e r c e l l u l a r  s p a c e  i n  c o n t a c t  w i t h  h o s t  
c e l l s .
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5 . 1 0 .  H y p h a l / C e l l  Wa l l  A t t a c h m e n t . ( S . p i s t a c i n a )
The  h y p h a e  w h i c h  w e r e  a s s o c i a t e d  w i t h  t h e  c e l l  w a l l  of  
t h e  h o s t  m e s o p h y l l  h a d  v e r y  l i t t l e  e l e c t r o n -  d e n s e  m a t e r i a l  
a s  a s h e a t h  o r  l a y e r  ( P l a t e  53 a , c , d  a n d  P l a t e  54 a , b , c , d ) .
The c o n t a c t  b e t w e e n  t h e  h y p h a / h o s t  c e l l  w a l l  was  e s s e n t i a l l y  
a w i d e  p l a n e  c o n t a c t ,  s h e a t h i n g  m a t e r i a l  f o r m e d  a s m a l l  f i l l e t  
w h i c h  f i l l e d  t h e  t r i a n g u l a r  s p a c e  b e t w e e n  t h e  c u r v e d  r e g i o n  
o f  t h e  h y p h a l  w a l l  a n d  t h e  r e g i o n  of  p l a n e  c o n t a c t .
I n  e a r l y  s t a g e s  o f  i n f e c t i o n  ( P l a t e  5 3 c )  t h e  a m o u n t  o f  
e l e c t r o n - d e n s e  s h e a t h  m a t e r i a l  was  v e r y  s m a l l  a nd  e v e n  i n  some 
t h e r e  was  no e v i d e n c e  o f  t h e  s h e a t h  m a t e r i a l  b e t w e e n  t h e  h o s t  
c e l l  a n d  h y p h a e  o r  b e t w e e n  t w o  h y p h a e .  P l a t e  54 a , b , c , d  
s h o we d  t h e  a t t a c h m e n t  o f  h y p h a e  t o  t h e  h o s t  c e l l  w a l l  w i t h o u t  
a n y  s h e a t h  m a t e r i a l ,  o n l y  i n  ^ a )  a s m a l l  a mo u n t  of  s h e a t h  
m a t e r i a l  was  o b s e r v e d  i n  t h e  a t t a c h m e n t  of  h y p h a e  i n  t h e  
t r i a n g u l a r  s p a c e  a n d  a p a d  o f  e l e c t r o n - d e n s e  m a t e r i a l  was  f o u n d  
b e t w e e n  t h e  t wo  c e l l s  i n  t h e  u p p e r  p a r t  o f  t h e  p i c t u r e .
P l a t e  5 4 b  s h o w s  no s i g n  o f  t h e  e l e c t r o n - d e n s e  m a t e r i a l  
e i t h e r  b e t w e e n  one  h y p h a e  w i t h  a n o t h e r  o r  b e t w e e n  t h e  h o s t  
c e l l s  a nd  t h e  i n t e r c e l l u l a r  h y p h a e .  ( c )  s h o ws  t h e  i n t e r c e l l u l a r  
h y p h a e  i n  c o n t a c t  w i t h  e a c h  o t h e r  w i t h  a s m a l l  a m o u n t  o f  
s h e a t h i n g  m a t e r i a l  a n d  w i t h  h o s t  c e l l s  w i t h o u t  a n y  s h e a t h i n g  
m a t e r i a l .  ( d )  s h o ws  t h e  same  f e a t u r e  a s  ( c ) .
P l a t e  53 a s h o ws  t h e  i n t e r c e l l u l a r  h y p h a e  i n  i n t e r c e l l u l a r  
s p a c e ,  a s m a l l  a m o u n t  o f  s h e a t h i n g  m a t e r i a l  was  o b s e r v e d  i n
178
t h e  p o i n t  o f  t wo  h y p h a e  c o n t a c t  b u t  i t  was  n o t  c o n t i n u o u s  
a nd  d i d  n o t  make a c o m p l e t e  s h e a t h  o f  m a t e r i a l  a r o u n d  t h e  
h y p h a e  .
( b )  s h o ws  t h e  t r i a n g u l a r  s p a c e  f i l l e d  w i t h  e l e c t r o n -  
d e n s e  s h e a t h i n g  m a t e r i a l .  ( c )  s h o ws  t h e  h e a v y  d e p o s i t s  o f  
e l e c t r o n - d e n s e  m a t e r i a l  a s s o c i a t e d  w i t h  t h e  t o n o p l a s t  and  
p l a s m a l e m m a  me mbr a ne  a s  d r o p l e t s .  I n t e r c e l l u l a r  h y p h a e  w e r e  
p r e s e n t ,  v e r y  l i t t l e  s h e a t h i n g  m a t e r i a l  was  o b s e r v e d  a r o u n d  
t h e  h y p h a e  n o t  c l e a r l y  i n  c o n t a c t  w i t h  a h o s t  c e l l  w a l l .  A 
s m a l l  a m o u n t  o f  e l e c t r o n - d e n s e  s h e a t h i n g  m a t e r i a l  wa s  f o u n d  
i n  t h e  t r i a n g u l a r  s p a c e  f o r m e d  by t h r e e  a d j a c e n t  h o s t  c e l l s .
179
5 . 11 .  B o s t  R e s p o n s e . ( S .p i s t a c i n a )
E a r l y  s t a g e s  o f  i n f e c t i o n  ( 11  d a y s )  s howe d  t h e  a c c u m u ­
l a t i o n  of  e l e c t r o n - d e n s e  m a t e r i a l .  T h i s  m a t e r i a l  was  a s s o c ­
i a t e d  w i t h  t h e  t o n o p l a s t  o f  t h e  h o s t  c e l l  a s  a d i s c o n t i n u o u s  
l a y e r  o f  d i s c r e t e  f l a t t e n e d  d o m e - s h a p e d  d a r k  b o d i e s  ( P l a t e  52 
a , b , c  , d , e  , f  , g ) a n d  i n  some p a r t s  o f  t h e  c e l l  i t  was  more  
c o n t i n u o u s  ( P l a t e  52 d , e , f ) .  T h i s  e l e c t r o n - d e n s e  m a t e r i a l  was  
s p a r s e l y  d i s t r i b u t e d  i n  t h e  v a c u o l e  of  t h e  e p i d e r m a l  c e l l s ;  
b u t  i n  m e s o p h y l l  c e l l s  i t  was  o n l y  a s s o c i a t e d  w i t h  t h e  t o n o ­
p l a s t .  The  p l a s m a l e m m a  was  i d e n t i f i a b l e  i n  some p r e p a r a t i o n s  
and  was  i n t a c t  ( P l a t e  52 f ) .
Some s m a l l  p l a s t o g l o b u 1 i  ( p g )  w e r e  f o u n d  i n  some c h l o r o ­
p l a s t s  b u t  t h e  s t a r c h  g r a i n s  a p p e a r e d  t o  h a v e  i n c r e a s e d  i n  s i z e  
a nd  r a n g e d  b e t w e e n  0-1— o fjkn4in d i a m e t e r ,  b u t  t h e  o t h e r  h o s t  
c e l l  c o m p o n e n t s  a p p e a r e d  t o  be  n o r m a l .
I n  t h e  l a t e r  s t a g e s  o f  i n f e c t i o n  ( P l a t e  55 )  w i t h  many 
h y p h a e  w i t h i n  t h e  i n t e r c e l l u l a r  s p a c e ,  t h e  h o s t  c e l l s  i n  c o n t a c t  
w i t h  t h e  p a t h o g e n  s h o we d  v a r i o u s  d e g r e e s  o f  c o l l a p s e  and  
d i s i n t e g r a t i o n .  The a m o u n t  o f  f u n g a l  h y p h a e  was  l a r g e ;  50 - 75% 
of  t h e  i n t e r c e l l u l a r  s p a c e s .
P l a t e  53 a ( 2 9  d a y s  a f t e r  i n o c u l a t i o n )  s h o ws  t h e  i n t e r -
9
c e l l u l a r  s p a c e  w i t h  t h r e e  fungal  h y p h a e .  The u p p e r  h o s t  c e l l  
s hows  no s i g n  o f  d i s i n t e g r a t i o n  b u t  t h e  p l a s m a l e m m a  a p p e a r e d  t o  
be u n d u l a t e  i n  t h e  h o s t  a d j a c e n t  t o  t h e  h y p h a l  c o n t a c t  a nd  t h e  
h o s t  w a l l  a l s o  s h o we d  t h i c k e n i n g  i n  t h a t  a r e a .  The c h l o r o p l a s t
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was  s w o l l e n  a n d  t h e  s t a r c h  g r a i n s  w e r e  l a r g e ,  t h e  n u c l e u s  and  
m i t o c h o n d r i a  had  a n o r m a l  b o u n d a r y  m e m b r a n e .
The l o w e r  c e l l  s h o ws  m a s s i n g  o f  e l e c t r o n - d e n s e  m a t e r i a l  
w h i c h  ha d  c o m b i n e d  t o g e t h e r  f r o m  t h e  d i s r u p t e d  t o n o p l a s t ,  t h e  
r e m a i n d e r  o f  t h e  t o n o p l a s t  was  s hown  a s  s m a l l  d i s c o n t i n u o u s  
f r a g m e n t s  o f  e l e c t r o n - d e n s e  m a t e r i a l .  The p l a s m a l e m m a  was  
n o t  d e f i n e d  e x c e p t  i n  a s m a l l  r e g i o n  w h i c h  was  s e p a r a t e d  f r o m  
t h e  c h l o r o p l a s t .  The h o s t  c e l l  w a l l  i m m e d i a t e l y  u n d e r l y i n g  
t h e  a t t a c h e d  h y p h a  s h o we d  a d i s t i n c t  t h o u g h  s m a l l  i n c r e a s e  i n  
t h i c k n e s s .  T h i s  i s  a l s o  s hown  i n  P l a t e  54 a , d a n d  P l a t e  5 3 c , d .
P l a t e  53 b s h o w s  t h e  s e c t i o n  o f  h o s t  c e l l  1mm away f r o m  
t h e  c e n t r e  o f  t h e  l e s i o n .  The e l e c t r o n - d e n s e  m a t e r i a l  was  
o b s e r v e d  i n  t h e  l a r g e  v a c u o l e  a n d  t h e  t o n o p l a s t  h a d  d i s i n t e ­
g r a t e d .  The  t r i a n g u l a r  i n t e r c e l l u l a r  s p a c e  was  f i l l e d  w i t h  
e l e c t r o n - d e n s e  m a t e r i a l ,  ( c )  s h o ws  t h e  same f e a t u r e s  a s  ( a )  
a nd  ( b ) .  The  m i t o c h o n d r i a  me mbr ane  was  i n t a c t .  ( d )  s h o ws  
t wo  h y p h a e  i n  s m a l l  i n t e r c e l l u l a r  s p a c e ,  t h e  l o w e r  h y p h a  f i l l e d  
a t r i a n g u l a r  i n t e r c e l l u l a r  s p a c e  a nd  e l e c t r o n - d e n s e  s h e a t h -  
m a t e r i a l  was  p r e s e n t  a r o u n d  t h e  h y p h a e .  P l a s m a l e m m a  membr ane  
was p r e s e n t  i n  a l l  t h r e e  h o s t  c e l l s  b u t  i t  was  r o u g h  i n  some 
p l a c e s .  A t h i c k e n e d  w a l l  was  o b s e r v e d  i n  h o s t  c e l l  w a l l .
P l a t e  54 a , b 29  d a y s  o l d  i n f e c t e d  l e a f  s h o ws  t h e  h o s t  
c e l l s  i n  c o n t a c t  w i t h  t h e  f u n g a l  h y p h a e  b u t  w e r e  s l i g h t l y  
a f f e c t e d  by t h e  p a t h o g e n ;  some o f  t h e  c e l l s  h a d  t h e  f e a t u r e  
of  t h e  h e a l t h y  c e l l  i n  w h i c h  a l l  o r g a n e l l e s  w e r e  i n  a n a r r o w  
ba n d  o f  p e r i p h e r a l  c y t o p l a s m  w h i c h  s u r r o u n d e d  a l a r g e  c e n t r a l  
v a c u o l e .
181
I n  some o f  t h e  h o s t  c e l l s  m a s s i v e  a m o u n t s  of  t h e  e l e c t r o n -
h
d e n s e  m a t e r i a l  w e r e  o b s e r v e d  . P l a t e  55 ( c , d ) a 5 5 - d a y  o l d  
i n f e c t e d  l e a f  s h o ws  t h e  c e n t r e  of  l e s i o n ,  a l a r g e  numbe r  o f  
h y p h a e  w e r e  f o u n d  i n  t h e  i n t e r c e l l u l a r  s p a c e .
The h o s t  c e l l s  w e r e  c o m p l e t e l y  c o l l a p s e d  a nd  had  d i s o r ­
g a n i z e d  c y t o p l a s m  w i t h  no d e f i n e d  s t r u c t u r e  o f  t h e  c e l l  
c o m p o n e n t s .  The c e l l  w a l l  was  e n t i r e  a n d  t h i c k e n e d  i n  some 
c e l l s .  I n  a l l  p r e p a r a t i o n s  no c e l l  w a l l  p e n e t r a t i o n  by f u n g a l  
h y p h a e  was  o b s e r v e d  a n d  a l s o  no i n t e r c e l l u l a r  g r a n u l a r  m a t e r i a l  
was  f o u n d .
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5 . 1 Ï .  H y p h a l  S t r u c t u r e . ( S . p i s t a c i n a )
The e a r l y  s t a g e s  o f  i n f e c t i o n  s h o we d  no e v i d e n c e  of  
s h o r t - o r d e r  b r a n c h i n g  o r  v e r y  d e n s e  h y p h a l  p o p u l a t i o n s  i n  
i n t e r c e l l u l a r  s p a c e s .  ( P l a t e s  5 3 ,  5 4 ) .
The h y p h a e  ha d  l i t t l e  or  no e l e c t r o n - d e n s e  s h e a t h  
m a t e r i a l ,  f i x a t i o n  was  p o o r  t h e r e f o r e  t h e  s t r u c t u r e  of  t h e  
h y p h a e  was  n o t  c l e a r l y  d e f i n e d  b u t  a s  s hown  i n  P l a t e  54 a - d  
t h e  i n n e r  l a y e r  was  t h i c k  a n d  a t  t h e  p o i n t  of  a t t a c h m e n t  t o  
t h e  h o s t  c e l l  t h e  i n n e r  l a y e r  was  t h i c k e n e d  ( a ) ,  a l s o  s hown i n  
P l a t e  53 a a n d  d .  V a c u o l e s  w e r e  l a r g e  i n  some p r e p a r a t i o n s  
c o v e r e d  a l l  c y t o p l a s m .  M i t o c h o n d r i a  w e r e  p r e s e n t  and  a s m a l l  
nu mb e r  o f  I i p  i d  b o d i e s .  A p r i m a r y  s e p t u m  i s  s h o wn  i n  P l a t e  
54 c ,  H y p h a l  g r o w t h  was  n o t  c o n f i n e d  t o  t h e  l a r g e r  i n t e r ­
c e l l u l a r  s p a c e s  a n d  h y p h a e  w e r e  f o u n d  i n  s m a l l  i n t e r c e l l u l a r  
s p a c e s  ( P l a t e  53 a ,  d ) .
I n  l a t e r  s t a g e s  o f  i n f e c t i o n  f i x a t i o n  i m p r o v e d  a nd  more  
c o m p o n e n t s  o f  t h e  h y p h a e  w e r e  c l e a r l y  d e f i n e d .  P l a t e  55 a - e  
s h o ws  t h e  s t r u c t u r e  of  i n t e r c e l l u l a r  h y p h a e .  I n  t h i s  s t a g e  
h y p h a e  w e r e  b r a n c h e d  a nd  s i m p l e  c e n t r a l l y  p e r f o r a t e  s e p t a e  a r e  
f o r m e d ,  a , b , c , d  w i t h  W o r o n i n  b o d i e s  a s s o c i a t e d  w i t h  t h e  p o r e  
( b , d ) .  The h y p h a l  w a l l  s h o we d  a s m a l l  a mo u n t  of  e x t e r n a l  
e l e c t r o n - d e n s e  m a t e r i a l .  L a r g e  n u m b e r s  o f  v a c u o l e  w e r e  p r e s e n t  
and  f e w I i p i d  b o d i e s  w e r e  o b s e r v e d .  I n  some p r e p a r a t i o n s  a 
d i s c o n t i n u o u s  l a y e r  o f  e l e c t r o n - d e n s e  m a t e r i a l  was  p r e s e n t  
a s s o c i a t e d  w i t h  t h e  p l a s m a l e m m a  ( b ) .  R i b o s o m e s w e r e  s c a t t e r e d  
i n  t h e  c y t o p l a s m  a s s o c i a t e d  w i t h  ER.  On l y  one  n u c l e u s  was  
o b s e r v e d  i n  e a c h  h y p h a  w i t h  a t y p i c a l  d o u b l e  me mbr a ne  ( e ) .
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P l a t e  52
L e a f  of  P . v e r a  i n f e c t e d  w i t h  S .  p i s t a c i n a  TEH
S e c t i o n s  of  m e s o p h y l l  t i s s u e  11 d a y s  a f t e r
i n f e c t  i o n .
a )  a b a x i a l  e p i d e r m i s  and  m e s o p h y l l  c e l l s  w i t h  
e l e c t r o n - d e n s e  m a t e r i a l  a s  d r o p l e t s  i n  
v a c u o l e  and a s s o c i a t e d  w i t h  t h e  t o n o p l a s t .  
No t e  n o t  a l l  c e l l s  show t h e  s ame  l e n g t h  of  
r e s p o n s e .  M e s o p h y l l  c e l l  i n  l . v .  c o r n e r  
w i t h  z e r o  r e s p o n s e .  E p i d e r m a l  c e l l s  w i t h  
ma x i ma l  r e s p o n s e .  (x2500)
b)  a s  a ) .  N o t e  a b s e n c e  of  i n t e r c e l l u l a r  
d e p o s  i t s  ( X (x2400) )
c ) +  d)  m e s o p h y l l  c e l l s  w i t h  c o n t i n u o u s  z o n e  of  
e l e c t r o n - d e n s e  d r o p l e t s  a s s o c i a t e d  w i t h  
t h e  t o n o p l a s t  me mb r a n e .  C h l o r o p l a s t s  
w i t h  l a r g e  s t a r c h  g r a i n s  (x8800 )
e)  j u n c t i o n  of  t wo  m e s o p h y l l  c e l l s  w i t h
d e p o s i t s  on t h e  t o n o p l a s t  m e mb r a n e .  N o t e
e x t r a c e l l u l a r  e l e c t r o n - d e n s e  m a t e r i a l  a t  
t h e  j u n c t i o n  of  t h e  t wo  c e l l s  (x 8100 )
f )  j u n c t i o n  of  t h r e e  c e l l s :  t w o  c e l l s  w i t h
l a r g e  d e p o s i t s  on t h e  t o n o p l a s t ,  one  c e l l
w i t h o u t  d e n s e  d e p o s i t s  on t h e  t o n o p l a s t  
membr ane  (x 3 0 0 0  )
g ) s e c t i o n  t h r o u g h  t wo  a d j a c e n t  c e l l s  w i t h  
l a r g e  and  s m a l l  d e p o s i t s  of  d e n s e  m a t e r i a l  
a s s o c i a t e d  w i t h  t h e  t o n o p l a s t  (x 9200 )
cu  = c u t i c l e
PM = p l a s m a  me mbr ane
DM = d e n s e  m a t e r i a l
S = s t a r c h  g r a i n
N = n u c l e u s







P l a t e  53
S e c t i o n  t h r o u g h  l e a f  of  P .  v e r a  i n f e c t e d  w i t h
5 .  p i s t a c i n a  TEM a f t e r  29 d a y s .
a )  s e c t i o n  t h r o u g h  s h o w i n g  i n t e r c e l l u l a r  h y p h a e  
a l l  i n  c o n t a c t  w i t h  h o s t  c e l l s ,  a l s o  s h o wi n g  
v é s i c u l a t i o n  o f  h o s t  c e l l  and  c y t o p l a s m  
a d j a c e n t  t o  p l a s m a l e m m a  (x 98 0 0  ) .
b)  m e s o p h y l l  c e l l  f r o m  t h e  s ame  i n f e c t e d  l e a f  
a s  a )  b u t  s e c t i o n  t a k e n  f r o m  1 mm d i s t a n c e  
f r o m  a )  a s s o c i a t e d  w i t h  t o n o p l a s t ,  s h o w i n g  
d e n s e  m a t e r i a l ,  d e p o s i t i o n  o f  e l e c t r o n -  
d e n s e  m a t e r i a l  i n  t h e  c y t o p l a s m  a nd  i n t e r ­
c e l l u l a r  m a t e r i a l  a r e  p r e s e n t  i n  i n t e r c e l l u l a r  
s p a c e  b e t w e e n  t h r e e  c e l l s  (x 9852  ) .
c )  s h o w i n g  a s e c t i o n  of  h o s t  c e l l  w i t h  e l e c t r o n  
d e n s e  m a t e r i a l  c l o s e  t o  t h e  i n f e c t e d  a r e a  of  
t h e  l e a f .  F u n g u s  h y p h a e  a r e  p r e s e n t . ( x  9732 )
d)  h y p h a e  i n  c l o s e  c o n t a c t  w i t h  h o s t  c e l l s  i n  
r e s t r i c t e d  i n t e r c e l l u l a r  s p a c e ,  t h e  l o w e r  
h y p h a  o c c u p y i n g  t h e  t r i a n g u l a r  p r i s m  b e t w e e n  
t h r e e  h o s t  c e l l s . ( x  9 9 7 9 ) .
E -  e x t r a c e l l u l a r  d e p o s i t  
F -  f u n g u s  ( I )
DM - d e n s e  m a t e r i a l  
H -  h o s t
im -  i n t e r c e l l u l a r  m a t e r i a l  
I S  -  i n t e r c e l l u l a r  s p a c e  
PV -  p l a s m a l e m m a  v e s i c u l e  






P l a t e  54
S e c t i o n  t h r o u g h  l e a f  o f  P.  v e r a  i n f e c t e d  w i t h  
S.  p i s t a c i n a  : TEM a f t e r  29  d a y s .
a )  s e c t i o n  t h r o u g h  l e s i o n  s h o w i n g  i n t e r c e l l u l a r  
h ypha  i n  c o n t a c t  w i t h  h o s t  c e l l  (x 9 7 2 2 ) .
b)  s h o wi n g  t wo  h o s t  c e l l s  i n  c o n t a c t  w i t h  one 
hy p h a  (x 9 8 6 4 ) .
c ) d ) s h o wi n g  a t t a c h m e n t  o f  h o s t  c e l l  t o  h y p h a  
X 8892)  ( x  9 6 2 5 ) .
A -  a t t a c h m e n t  
H -  h o s t  c e l l  
F -  F u n g u s  
N -  n u c l e u s
t
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P l a t e  55
S e c t i o n  t h r o u g h  l e a f  of  P.  v e r a  i n f e c t e d  w i t h  
S.  p i s t a c i n a  TEH a f t e r  3 5 - 5 5  d a y s .
D i s t r i b u t i o n  of  h y p h a e  i n  i n t e r c e l l u l a r  s p a c e .
a )  f u n g u s  h y p h a e  i n  i n t e r c e l l u l a r  s p a c e  and  
a l s o  i n  c o n t a c t  w i t h  h o s t  c e l l s  (x 3 5 0 0  ) .
b)  h o s t  c e l l  i n  t a c t  (x 3617  ) .
c )  mass  of  h y p h a e ,  h o s t  c e l l  p l a s m a l e m m a  h a s  
f r a g m e n t e d  and  d i s i n t e g r a t e d  (x 2 4 5 0  ) .
d ) s e c t i o n  of  h o s t  c e l l s  i n  c o n t a c t  w i t h  f u n g u s  
h y p h a e ,  s h o wi n g  d i s i n t e g r a t i o n  o f  h o s t  c e l l s  
p l a s m a l e m m a .  Ho s t  c e l l  w a l l  i s  s t i l l  p r e s e n t  
b u t  t h e  h o s t  c e l l  i t s e l f  h a s  c o l l a p s e d .
(x 6- 2 .0 0  ) .
mé  V  ^ m
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P l a t e  36
S e c t i o n  t h r o u g h  l e a f  of  P .  v e r a  i n f e c t e d  w i t h
5 .  p i s t a c i n a  TEM a f t e r  45 d a y s .
a )  b)  T r a n s v e r s e  s e c t i o n  of  t h e  i n t e r c e l l u l a r  
h y p h a e  s h o wi n g  s e p t u m ,  t h i c k  w a l l ,  m i t o ­
c h o n d r i o n ,  l i p i d  b o d i e s  and  v a c u o l e s .
(x 4 0 1 2 1 )  (x 3 2 5 8 0 ) .
c )  T r a n s v e r s e  s e c t i o n  t h r o u g h  i n t e r c e l l u l a r  
h y p h a e ,  mass  of  f u n g u s  h y p h a e  i n  c o n t a c t  
w i t h  h o s t  c e l l s  (x 9 9 4 7 ) ,
d)  T r a n s v e r s e  s e c t i o n  t h r o u g h  an  i n t e r c e l l u l a r  
hyp h a  w i t h  c e n t r a l  p e r f o r a t i o n  ( c p )  (x 4 593 )
e )  T r a n s v e r s e  s e c t i o n  t h r o u g h  an i n t e r c e l l u l a r  
h y p h a e  s h o w i n g  h y p h a l  c o n t a c t  ( x  9 5 8 2 ) .
c p  - c e n t a l  p e r f o r a t i o n  
FCW -  f u n g u s  c e l l  w a l l  
FP - f u n g u s  p l a s m a l e m m a  
HC -  h o s t  c e l l  
M -  m i t o c h o n d r i o n  
N - n u c l e u s  
SP - s e p t u m  
V - v a c u o l e  






5 ^' lThe c o n i d i a  of  S . p i s t a c i a r u m  p r o d u c e d  i n  c u l t u r e  
w e r e  e l o n g a t e  c u r v e d  p h r a g m o s p o r e s , w i t h  a mo d a l  c e l l  
n u mb e r  o f  s i x  c e l l s  a nd  a mo d a l  s p o r e  l e n g t h  o f  6 0 - 7 0  um.
The s t r a i g h t  l i n e  r e g r e s s i o n  of  c e l l  nu mb e r  on c e l l  
l e n g t h  s h o we d  t h a t  t h o u g h  t h e r e  was  c o n s i d e r a b l e  v a r i a t i o n  
t h e  c u l t u r e  n e v e r t h e l e s s  s h o we d  t h i s  b a s i c  m o r p h o m e t r i c  
c a u s a l  r e l a t i o n s h i p  ( F i g Z 7 ) .  W i t h i n  t h e  g e n u s  S e p t  or  i a
no o t h e r  d a t a  o f  t h i s  t y p e  i s  a v a i l a b l e ,  h o w e v e r  an  
a n a l y s i s  of  m e a s u r e m e n t s  made f r o m  a s e r i e s  o f  i l l u s t r a t i o n s  
on s p o r e  s h a p e  a n d  s i z e  i n  S e p t  o r  i a  s p p  f r o m  C h r y s a n t h e m u m  
CVS ( P u n i t h a l i n g a m  & W h e e l e r  1 9 6 5 )  show t h a t  t h i s  r e l a t i o n ­
s h i p  i s  d e m o n s t r a b l e  e v e n  t h o u g h  o n l y  a f ew s p o r e s  f o r  e a c h  
i s o l a t e  h a v e  b e e n  i l l u s t r a t e d .  The t y p e  of  i l l u s t r a t i o n  
a nd  r e s u l t a n t  g r a p h  i s  s h o wn  i n  F i g  27 f o r  one  i s o l a t e  of  
S .  c h r y s a n t h e m e l l a , a nd  F i g  28 s h o ws  45 s p o r e s  d e r i v e d  
f r o m  s e v e r a l  i s o l a t e s  c o m b i n e d .  F i g  29  s h o ws  t h e  g e n e r a l  
r e l a t i o n s h i p  f o r  4 s p e c i e s .  T h i s  f i x e d  r e l a t i o n s h i p  b e t w e e n  
s p o r e  s i z e  a nd  s e p t a t i o n  h a s  b e e n  d e m o n s t r a t e d  f o r  t h e  
a n a l o g o u s  m a c r o c o n i d i a  of  F u s a r i u m  c u l m o r u m  ( M a r c h a n t  1 9 6 5 ) .  
T h i s  was  c o n s t a n t  e v e n  u n d e r  d i f f e r e n t  c o n d i t i o n s  of  
n u t r i t i o n .  I t  was  s u g g e s t e d  t h a t  t h e  r e l a t i o n s h i p  c o u l d  be 
u s e d  a s  a n  a d d i t i o n a l  t a x o n o m i c  f e a t u r e  a nd  c o u l d  a l s o  be 
e m p l o y e d  f o r  s t u d i e s  w i t h i n  t h e  g e n u s  S e p t  or  i a .
The mo d a l  nu mb e r  of  s i x  c e l l s / s p o r e  i n  S .  p i s t a c i a r u m  
h i d e s  a c o n s i d e r a b l e  v a r i a t i o n  w h i c h  i s  c h a r a c t e r i s t i c  of
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F i g  27 p l o t  of  s p o r e  l e n g t h  a g a i n s t  n umbe r  of  c e l l / s p o r e  
f o r  11 s p o r e s  o f  S e p t o r i a  c h r y s a n t h e m e l l a
( i l l u s t r â t  i o n  ex 
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F i g  28 P l o t  of  s p o r e  l e n g t h  a g a i n s t  numbe r  of  c e l l /
s p o r e  f o r  45 s p o r e s  of  S e p t o r i a  c h r y s a n t h e m e l l a
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F i g  29  p l o t  of  s p o r e  l e n g t h  a g a i n s t  nu mb e r  of  c e l l / s p o r e  
f o r  S e p t  or  i a  SP P .  on c h r y s a n t h e m e l l a
o S e p t o r i a  c h r y s a n t h e m e l l a  
0  S . o b e s a
□ S .  l e u c a n t h e m i  
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t h e  g e n u s .  T h i s  i s  s hown  f o r  t h e  s p e c i e s  on C h r y s a n t h e m u m  
( F i g  29)  a n d  v a r i a t i o n  i n  o t h e r  s p e c i e s  i s  s i m i l a r  e . g .
S . a I n  i  w i t h  s e p t a l  n u m b e r s  ( 1 - )  3 - 4  ( - 7 - 9 )  ( C o n s t a n t i n e s c u  
1 9 8 4 ) .  I n  s ome s p e c i e s  s e p t a l  n umbe r  i s  l ow 1 - 2 - 3  t h o u g h  
t h e  s p o r e  r e l a t i v e l y  l o n g  e . g .  S .  b e t u l a e - o d o r a t a  ( 3 2 - )  
4 0 - 5 5  ( - 7 8 )  um.
The v a r i a t i o n  i n  s p o r e  s i z e ,  m e a s u r e d  a s  l e n g t h  and  
w i d t h ,  a n d  t h e  a s s o c i a t e d  n u mb e r  of  c e l l s  w o u l d  p o s s i b l y  be 
mo s t  u s e f u l l y  i n t e g r a t e d  a s  a c o r r e l a t i o n  b e t w e e n  c e l l  
n u mb e r  a nd  v o l u m e .  I f  a n u c l e o - c y t o p l a s m i c  r a t i o  i s  a c o n ­
s t a n t  f e a t u r e  f o r  c l o s é l y  r e l a t e d  s p e c i e s  a s t u d y  of  a 
l a r g e  e x a m p l e  of  t h e  2 0 0 0  s p e c i e s  of  S e p t  o r  l a  m i g h t  r e v e a l  
t h e  e x i s t e n c e  of  n a t u r a l  g r o u p s  o f  s p e c i e s .
6 . 2 J h e  p r o c e s s  o f  s p o r e  g e r m i n a t i o n  i n  S .  p i s t a c i a r u m  
s h o we d  t h a t  on s e m i - s o l i d  me d i a  g e r m i n a t i o n  was  a s l o w  
p r o c e s s :  i n i t i a l l y ,  t h e  s p o r e  a x i s  i n c r e a s e d  i n  v o l u m e  by
s w e l l i n g  l e a d i n g  t o  a n  i n c r e a s e  i n  d i a m e t e r  a nd  a n  i n c r e a s e  
i n  l e n g t h  d u e  t o  l o n g i t u d i n a l  e x t e n s i o n  g r o w t h  o f  e a c h  i n d i  
v i d u a l  c e l l .  T h i s  was  f o l l o w e d  by t h e  d i v i s i o n  o f  t h e  
i n d i v i d u a l  c e l l s  o f  t h e  s p o r e  a x i s  one  o r  mor e  t i m e s  and  
g e r m  t u b e s  w e r e  e v e n t u a l l y  p r o d u c e d  a f t e r  t h i s  p e r i o d  of  
s p o r e  g r o w t h .  The g r o w t h  i n  l i q u i d  me d i a  s h o we d  a s i m i l a r  
s t a g e  o f  s p o r e  a x i s  e x t e n s i o n  g r o w t h  a n d  t h e  p r o d u c t i o n  of  
e i t h e r  g e r m - t u b e s  o r  s e c o n d a r y  c o n i d i a  s p o r e s .
The i n c r e a s e  i n  s p o r e  v o l u m e  i s  a c h a r a c t e r i s t i c  
f e a t u r e  o f  s p o r e  g e r m i n a t i o n  i n  many f u n g i  i n  w h i c h  an  
e x t e r n a l  s o u r c e  o f  n u t r i e n t  i s  r e q u i r e d  f o r  g e r m i n a t i o n .
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( B a r t n i e k i - G a r  i a  1 9 8 1 ) .  The u s e  of  t h e  c o u l t e r  c o u n t e r  
h a s  e n a b l e d  v o l u m e  m e a s u r e m e n t s  t o  be  made w i t h  a c c u r a c y  
( B a r n e s  & P a r k e r  1 9 6 6 )  t h o u g h  t h e  m a j o r  i n v e s t i g a t i o n s  i n  
w h i c h  v o l u m e  c h a n g e s  h a v e  b e e n  m o n i t o r e d  h a v e  u s e d  m i c r o ­
s c o p i c a l  m e a s u r e m e n t s .  T h i s  l a t t e r  t e c h n i q u e  i s  e n t i r e l y  
s a t i s f a c t o r y  f o r  s p o r e s  w i t h  s i m p l e  g e o m e t r i c  s h a p e s  f o r  
w h i c h  r e a s o n a b l e  v o l u m e  a p p r o x i m a t i o n s  c a n  be ma d e .  F o r  
s i m p l e  s p o r e s  e . g .  A s p e r g i l l u s  n i d u l a n s  w h e r e  t h e  c o n i d i u m  
i s  a p p r o x i m a t e l y  s p h e r i c a l ,  s w e l l i n g  l e a d s  t o  s p h e r i c a l  
e n l a r g e m e n t  p r i o r  t o  t h e  i n s e r t i o n  of  t h e  g e r m  t u b e .  T h e r e  
i s  a c o n s t a n t  v o l u m e  i n c r e a s e  w i t h i n  a s p e c i e s  b u t  b e t w e e n  
s p e c i e s  a n d  g e n e r a  t h e  r a t e  a n d  a mo u n t  of  s w e l l i n g  i s  v e r y  
d i f f e r e n t  ( T a b l e  2 4 ) .  I n  s p e c i e s  w i t h  mor e  c o m p l i c a t e d  
s p o r e  s h a p e s  t h e  e s t i m a t i o n  of  p e r c e n t a g e  v o l u m e  c h a n g e s  
h a s  b e e n  n e g l e c t e d  t h o u g h  f o r  many p h r a g m o s p o r e s  s i m i l a r  
i n  s h a p e  t o  S e p t  or  i a  s w e l l i n g  i s  r e c o r d e d  a s  b e i n g  a n o r m a l  
m o r p h o g e n e t i c  s t a g e  p r i o r  t o  g e r m - t u b e  i s o l a t i o n .  I t  was  
n o t  p o s s i b l e  d u r i n g  t h e  v o l u m e  i n c r e a s e  i n  S .  p i s t a c i a r u m  
t o  c l e a r l y  d e f i n e  a p a s s i v e  s w e l l i n g  p h a s e  a s  a s e p a r a t e  
e n t i t y  f r o m  a n  a c t i v e  g r o w t h  p h a s e .  I n  a p o p u l a t i o n  of  
f r e s h l y  p r o d u c e d  c o n i d i a  a l l  t h e  i n d i v i d u a l  c e l l s  o f  t h e '  
s p o r e s  w e r e  v i a b l e  a n d  c a p a b l e  o f  g r o w t h .  The i n c r e a s e  i n  
c e l l  s i z e ,  a c c o m p a n i e d  by n u c l e a r  d i v i s i o n  a nd  s e p t a t i o n  
l e a d  t o  a n  i n c r e a s e  i n  v o l u m e  a nd  l e n g t h  of  t h e  s p o r e .  I n  
e i t h e r  l i q u i d  or  on s e m i - s o l i d  me d i a  s p o r e - a x i s  g r o w t h  
a l w a y s  o c c u r r e d .
I n  o t h e r  f u n g i  w i t h  p h r a g m o s p o r e s  t h e  n o r m a l  mode of  
g e r m i n a t i o n  i s  t h e  i n s e r t i o n  o f  g e r m - t u b e s  i n t o  t h e  s w o l l e n
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T a b l e  24 C h a n g e s  i n  s p o r e  d i a m e t e r  a nd  i n c r e a s e  i n  v o l u m e  
d u r i n g  g e r m i n a t i o n  of  s i n g l e  c e l l e d  s po re s
F ung us D i a m e t e r  
( um)
Vol ume 
i n c r e a s e  
( t  i m e s )
R e f e r e n c e s
C u n n i n g h a m e l l a  
e l e g  a n s
1 0 . 5 - 1 2 . 0 1 . 5 Hawker  ( 1 9 6 6 )
B o t r y t i s  
c i n e r e a
1 0 . 3 - 1 2 . 5 1 . 8 G u l l  & T r i n c i ( 1 9 7 1 )
P é n i c i l l i u m  
u r t  i c a e
3 . 0 - 4 . 5 4 S e k i g u c h i  e t  a l ( 1 9 7 5 )
A s p e r g i l l u s  
n i d u l a n s
3 . 0 - 5 4 . 6 B o r d e r  & T r i n c i ( 1 9 7 0 )
Muc or  
r  a c e m o s u s
- 6 - 7 T r i p p  & P a z n o k a s ( 1 9 8 1 )
A s p e r g  i l l u s  
f  umi g a t  us
2 . 4 - 6 9 C a m p b e l l ( 1 9 7 1 )
S y n c e p h a l a s t r u m  
r a c e m o s  um
3 . 4 - 7 . 6 10 Ho b o t  & G u l l ( 1 9 7 7 )
P é n i c i l l i u m
c h r y s o g e n u m
2 . 4 - 5 . 7 13 McCoy e t  a l . ( 1 9 7 1 )
T r i c h o d e r ma 
h a r z i a n u m
3 . 3 - 8 . 0 14 Z u b e r  & T u r i a n ( 1 9 8 1 )
Rh i z o p u s  
a r r h i z u s
4 . 5 x 5 . 5 - 1 4 22 E k u n d a y o  & Ca r  1 i l e ( 1 9 6 4 )
H y p o c r e a  
p u l v  i n a t a
4 . 5 x 2 . 9 - 1 2 . 3 30 D i x o n  & S p e l l e r ( 1 9 8 3 )
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c e l l s  o f  t h e  s p o r e  a x i s ,  w i t h o u t  a n y  p r e d i v i s i o n  of  t h e  
c e l l s  o f  t h e  s p o r e . a x i s .  As e x a m p l e s  t h i s  t y p e  of  g e r m i n ­
a t i o n  i s  s h o wn  by t h e  m a c r o c o n i d i a  of  F u s a r i u m  c u l m o r u m  
( M a r c h a n t  & W h i t e  1 9 6 6 )  A s c o c h y t a  s o d a l i s , D i p l o d i n i a  
t e r e t  i u s c u l a  ( C u n n e l l  1 9 5 6 ) ,  D i t h i o s t r o m a  p i n i  ( I v o r y  1 9 6 7 )  
a nd  C e r e  o s p  o r a  s p p  ( Os o  1972 ) .  I n  a s e r i e s  o f  S t a g  o n o s p  or  a 
s p p  ( F i g  30  ) b e t w e e n  w h i c h  p h r a g m o s p o r  e s  v a r i e d  i n  s i z e  
g e r m i n a t i o n  was  p r e d o m i n a t e l y  by t h e  c e n t r a l  c e l l s  o f  t h e  
a x i s  ( C u n n e l l  1 9 5 7 ) .  ( F i g  3 1 ) .
I n c r e a s e  i n  c e l l  nu mb e r  a l o n g  t h e  s p o r e  a x i s  h a s  
b e e n  r e c o r d e d  f o r  S .  a p i i - g r a v e o l e n t i s  ( M a c M i l l a n  1 9 6 2 ) ,
S .  n o d o r u m  ( D i c k i n s o n  & S k i d m o r e  1 9 7 6 )  a n d  S .  t r i t i c i  
( O o n e s  & Lee  1 9 7 4 ) .  The s t u d y  by M a c M i l l a n  ( 1 9 4 2 )  was  t h e  
mo s t  d e t a i l e d  s t u d y  of  g e r m i n a t i o n  a n d  s h o we d  t h a t  t h e  
p r o x i m a l  a n d  d i s t a l  t e r m i n a l  c e l l s  i n c r e a s e d  i n  l e n g t h  a nd  
d i v i d e d .  The c e n t r a l  c e l l s  e n l a r g e d  t o  g i v e  t h e  t y p i c a l  
h a l f  d u m b e l l  s h a p e d  p r o f i l e s  a n d  g e r m - t u b e s  w e r e  p r o d u c e d ,  
s i n g l y ,  f r o m  one  o r  mor e  o f  t h e  c e n t r a l  c e l l s .  The g e r m -  
t u b e s  w e r e  i n s e r t e d  i n  t h e  m e d i a n  p o s i t i o n  a nd  n o t  a t  
e i t h e r  e n d  o f  a c e l l  i . e .  a d j a c e n t  t o  a c r o s s - w a l l  ( F i g  
3 2 ) .  The i l l u s t r a t i o n s  o f  S .  t r i t i c i  s how g e r m i n a t i n g
s p o r e s  w i t h  t e n  a x i s  c e l l s ,  a n  i n c r e a s e  f r o m  4 - 5  c e l l s ,  
a n d  s e v e r a l  c e l l s  w i t h  g e r m - t u b e s  a nd  o c c a s i o n a l  t w i n - p a i r s  
Th u s  a x i s  g r o w t h  d u r i n g  g e r m i n a t i o n  i s  n o t  w i d e l y  d i s t r i ­
b u t e d  w i t h i n  f u n g i  w i t h  p h r a g m o c o n  i d i a  b u t  i s  p r o b a b l y  t h e  
n o r m a l  mode i n  t h e  g e n u s  S e p t  o r  i a .
A c e n t r a l  p r o b l e m  o f  i n t e r p r e t a t i o n  of  t h e  p r o c e s s  
o f  g e r m i n a t i o n  i n  S e p t o r  i a  i s  w h e t h e r  a x i s  g r o w t h  by c e l l  
d i v i s i o n  i s  r e g a r d e d  a s  ' s p o r e  g e r m i n a t i o n '  o r  w h e t h e r
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F i g  3 0 G e r m i n a t i o n  of  c o n i d i a  of  p h r a g m o s p o r e s
S t a g o n o s p o r a  SPP





S . c a r  i c  i n e l l a
S .  c a r i u s
< 0
S .  c y l i n d r i c a
S .  a n g l i c a
s .  e l e g a n s
( r e d r a w n  f r o m  
G u n n e l l  G. 3 .  
1 9 5 6 - 1 9 5 7 )
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F i g  31 G e r m i n a t i o n  o f  c o n i d i a  of  v a r i o u s  p h r a g m o s p o r e s
i  I
so  Mmju  ^
lOuin
D i p l o d i n a  t e r e t i u s c u l a
A s c o c h y t a  s o d a l i s
( r e d r a w n  f r o m  
G u n n e l l  1 9 5 6 )
F u s a r i u m  c u l m o r u m
( r e d r a w n  f r o m  
M a r c h a n t  & W h i t e  
1 9 6 6 )
D o t h i s t r o m a  p i n i
F r o m New Z e a l a n d
D o t h i s t r o m a  p i n i
F r o m Ke nya
D o t h i s t r o m a  p i n i
Fr om C a n a d a
( r e d r a w n  f r o m  




F i g  32
Germination o f  c o n i d i a  




g e r m i n a t i o n  i s  c o n f i n e d  t o  t h e  p r o d u c t i o n  of  a g e r m - t u b e .  
M a n n e r s  ( 1 9 6 6 )  c o n s i d e r e d  a s p o r e  t o  h a v e  g e r m i n a t e d  i f  
t h e  g e r m - t u b e  was  a s  l o n g  a s  i t  was  b r o a d .  T h i s  d e f i n i t i o n  
i s  a c c e p t a b l e  f o r  a s p o r e  i n  w h i c h  no c e l l  d i v i s i o n  o c c u r ^ d  
p r i o r  t o  g e r m - t u b e  i n s e r t i o n .  A c o n v e n i e n t  ma n n e r  i n  w h i c h  
a d e s c r i p t i v e  p r o c e s s  o f  s p o r e  g e r m i n a t i o n  i n  S e p t o r i a  c a n  
be r e c o r d e d  i s  t o  d e f i n e  g e r m i n a t i o n  a s  a t wo  s t a g e  p r o c e s s :  
G e r m i n a t i o n  I  ( GI )  i n  w h i c h  a x i s  g r o w t h  a n d  c e l l  d i v i s i o n
o c c u r s  .
G e r m i n a t i o n  I I  ( G I I )  i n  w h i c h  g e r m - t u b e s  a r e  p r o d u c e d .
The  f a t e  o f  t h e  g e r m - t u b e s  p r o d u c e d  i n  G I I  d e p e n d s  upon
t h e  c u l t u r a l  c o n d i t i o n s  i . e .  w h e t h e r  a h y p h a l  t i p  i s  p r o d u c e d
or  a s e c o n d a r y  c o n i d i u m .
D u r i n g  e x t e n s i o n  g r o w t h  o f  t h e  ma i n  a x i s  i n  S^ . 
p i s t a c i a r u m  a l l  t h e  s p o r e - a x i s  c e l l s  w e r e  c a p a b l e  o f  g r o w t h  
a n d  d i v i s i o n  and  t h e  p r o d u c t i o n  o f  l a t e r a l s .  The u s e  of  
t h e  t e r m  l a t e r a l  i s  c o n v e n i e n t  i n  t h a t  i t  e n c o m p a s s e s  t h e  
p r o d u c t i o n  o f  g e r m - t u b e s  a nd  s e c o n d a r y  c o n i d i a .  The numbe r  
o f  c e l l s  p r o d u c e d  a l o n g  t h e  a x i s  d e p e n d s  upon  t h e  n u t r i e n t  
s t a t u s  o f  t h e  me d i u m.
6 . 3 .  I n  a s p o r e  w i t h  a f i l e  o f  c e l l s ,  e a c h  c e l l  h a s  a 
b a s i c  l o c a t i o n  r e l a t i v e  t o  t h e  b a s e  ( p r o x i m a l )  and  t h e  
a p e x  ( d i s t a l )  of  t h e  s p o r e .  The o n s e t  o f  c e l l  d i v i s i o n  
c a n  t h e r e f o r e  be l o c a t e d  w i t h  r e s p e c t  t o  t h e  p o l e s  a n d  any  
p o l a r i t y  c a n  be d e t e r m i n e d  a nd  be r e g a r d e d  a s  a r e s p o n s e  t o  
a p o l a r  c o n t r o l .  G r o wt h  i n  a p p a r e n t l y  r a n d o m  p o s i t i o n s  c a n  
be u s e d  a s  an  i n d i c a t i o n  of  t h e  a b s e n c e  of  p o l a r  c o n t r o l s .
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I n  5 .  p i s t a c i a r u m  t h e  a x i s  s h o we d  no p o l a r i t y  and  
d i v i s i o n  o c c u r ) e d  e v e n l y  a l o n g  t h e  l e n g t h  o f  t h e  s p o r e .
E a c h  c e l l  i n c r e a s e d  i n  l e n g t h  a n d  w i d t h .  The g r o w t h  o f  
t h e  s p o r e  w a l l  was  h o w e v e r  u n e v e n  w i t h  a n  e n h a n c e d  r a t e  
o f  g r o w t h  on t h e  c o n v e x  s i d e  o f  t h e  s p o r e  c u r v e .  T h i s  l e a d s  
t o  an  i n c r e a s i n g l y  p r o n o u n c e d  c u r v a t u r e  of  t h e  s p o r e  
u s u a l l y  i n  one  p l a n e ,  w i t h  g e r m l i n g s  s h o w i n g  U - s h a p e d  or  
c i r c u l a r  f o r m s .  T h i s  i s  a l s o  s h o wn  i n  t h e  i l l u s t r a t i o n s  
o f  S . t r i t i c i  ( D o n e s  & Le e  1 9 7 4 )  t h o u g h  t h e  a u t h o r s  d o  n o t  
c omme n t  on t h i s .
A s s o c i a t e d  w i t h  t h e  e n h a n c e d  o n e - s i d e d  g r o w t h  was  
i n c r e a s e d  w a l l  g r o w t h  a t  t h e  s e p t a l  p o l e s  of  t h e  c e l l  s o  
t h a t  i n  p r o f i l e  t h e  c e l l s  t o o k  on t h e  a p p e a r a n c e  o f  a 
h a l f - d u m b e l l  ( F i g  3 3 ) . ) .
F i g  33 P o l a r i s e d  G r o w t h  o f  S e p t a l  Zone
The new c r o s s - w a l l  d i v i d i n g  t h e  c e l l  was  l o c a t e d  
a t  t h e  c e n t r a l  p o i n t .  L o n g i t u d i n a l  g r o w t h  of  t h e  d a u g h t e r  
c e l l s  c o n t i n u e d  f o l l o w e d  by  f u r t h e r  d i v i s i o n s .  The  a p i c a l  
c e l l s  i n c r e a s e d  i n  l e n g t h  w i t h  t h e  m a i n t e n a n c e  o f  a t a p e r i n g
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p r o f i l e .  The  s e p t a  p^Cblduced c o u l d  be  I n d e n t  I f  l e d  a s  mem 
b e r s  o f  a c o h o r t  ( F i g  3 4 ) .
p  p  pzn zr
S e p t a l  C o h o r t  P ,  1 and  2 .F i g  34
An i d e a l i s e d  g r o w t h  p a t t e r n  of  a f i v e - c e l l e d  s p o r e  
s h o w i n g  p r o g r e s s i v e  r e d u c t i o n  of  c e l l  s i z e  a nd  t h e  p o l a r  
d i s t r i b u t i o n  of  n u c l e i  i s  s hown  i n  F i g  3 5 .
Th e  i n s e r t i o n  o f  l a t e r a l s  was  a s s o c i a t e d  w i t h  s e p t a  
i . e .  p o l a r i s e d  i n s e r t i o n .  L a t e r a l s  a r e  o f t e n  p r o d u c e d  a s  
t w i n - p a i r s ,  one  f r o m  e a c h  c e l l ,  a d j a c e n t  t o  a common s e p t u m  
The  s e p t u m  i n v o l v e d  i n  a n y  one  c e l l  wa s  a l w a y s  t h e  o l d e s t  
( F i g  3 6 ) .
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F i g  36 I n s e r t i o n  of  t w i n - l a t e r a I s  a d j a c e n t  t o  
o l d e s t  s e p t u m .
A m o d e l  o f  t h e  ma i n  e v e n t s  p r e d i c t e d  t o  o c c u r  d u r i n g  
t w i n - g e r m - t u b e  p r o d u c t i o n  i n c l u d i n g  n u c l e a r  d i v i s i o n  
a n d  m i g r a t i o n ,  s e p t a t i o n  a n d  l o c a l  c o n c e n t r a t i o n s  o f  






















s p o r e  c e l l
s w o l l e n  s p o r e  
n u c l e a r  d i v i s i o n
o # n u c l e a r  m i g r a t i o n
s e p t a t i o n  i n t o  
t w o  d a u g h t e r  c e l l s
d a u g h t e r  c e l l  g r o w t h  
n u c l e a r  d i v i s i o n
/
n u c l e a r  m i g r a t i o n  
s e  p t  a t  i o n
t w i n  g e r m - t u b e
O n u c l e u s  
•  w o r o n i n  b o d y  
y  v e s i c l e  c o n c e n t r a t i o n s
F i g  37 Mo d e l  of  p o l a r  r e s p o n s e s  d u r i n g  s p o r e  g e r m i n a t i o n
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Twi n  p a i r s  a r e  a l s o  s hown  by S .  t r i t i c i  ( Oo n e s  &
L e e  1 9 7 4 ) .
The  p r o d u c t i o n  of  l a t e r a l s  was  n o t  e v e n l y  d i s t r i ­
b u t e d  b u t  t e n d e d  t o  b e g i n  i n  t h e  c e n t r a l  r e g i o n  o f  t h e  
s p o r e  a x i s  b u t  a l l  c e l l s  c o u l d  e v e n t u a l l y  p r o d u c e  l a t e r a l s  
o r  i n  t h e  c a s e  o f  t h e  t e r m i n a l  c e l l s  a t e r m i n a l  g e r m - t u b e .  
The a m o u n t  o f  d i v i s i o n  was  d e p e n d e n t  on t h e  n u t r i e n t  s t a t u s  
b u t  c e l l  s i z e  g r a d u a l l y  r e d u c e d  s i n c e  c e l l  e x t e n s i o n  g r o w t h  
r a t e  was  n o t  m a i n t a i n e d  t h o u g h  c e l l  d i v i s i o n  was  c o n t i n u e d .
The p r o d u c t i o n  o f  h y p h a l  g e r m  t u b e s  f r o m  a U or  
c i r c u l a r  s h a p e d  a x i s  w o u l d  a u t o m a t i c a l l y  o r i e n t a t e  t h e  
l a t e r a l s  a t  d i v e r g e n t  a n g l e s  t o  e a c h  o t h e r .  The c h a r a c ­
t e r i s t i c  f e a t u r e  o f  y o u n g  m y c e l i a  i s  d i v e r g e n t  g r o w t h  
( G r e g o r y  1 9 8 4 ) .  T h i s  i s  a l s o  s hown by g e r m - t u b e s  p r o d u c e d  
f r o m  a c l u s t e r  of  s p o r e s  ( Go o d a y  1 9 8 3 ) .  I n  G e o t r  i c h u m 
c a n d i d u m  t a n d e m - p a i r s  o f  a r t h r o s p o r e s  h a v e  b e e n  s h o wn  t o  
g e r m i n a t e  a t  t h e  o p p o s i t e  p o l e s ;  c h a i n s  o f  a r t h r o s p o r e s  
s t i l l  h e l d  i n  t h e i r  o r i g i n a l  f o r m a t i o n  s how t h a t  g e r m - t u b e s  
a r e  n e v e r  p r o d u c e d  i n  t w i n - p a i r s  a nd  t h a t  p r o d u c t i o n  of  a 
g e r m - t u b e  on one  s i d e  o f  a s e p t u m  a p p e a r s  t o  i n h i b i t  t h e  
p r o d u c t i o n  o f  a g e r m - t u b e  on t h e  o t h e r  s i d e  ( R o b i n s o n  1 9 7 3 ,
1 9 8 0 ) .  T h e s e  c h a i n s  c o u l d  be  r e g a r d e d  a s  t h e  e q u i v a l e n t  
o f  a p h r a g m o s p o r e , t h i s  s h o ws  t h a t ,  i n  S e p t o r i a ,  s u c h  i n h i ­
b i t i o n  i . e .  e a r l y  n e g a t i v e  a u t o t r o p i s m  d o e s  n o t  o c c u r .  The 
d i v e r g e n t  g r o w t h  i n  S e p t o r i a  t h e r e f o r e  s h o ws  t w o  c o n f l i c - '  
t i n g  p r o c e s s e s :  a n g u l a r  s e p a r a t i o n  o f  g e r m - t u b e s  by c u r v a ­
t u r e  of  t h e  a x i s  b u t  a s s o c i a t e d  w i t h  t w i n - p a i r s  o f  g e r m -  
t u b e s  w h i c h  t h e n  h a v e  t o  a d o p t  a d i v e r g e n t  g r o w t h  p a t t e r n  
( F i g  3 8 ) .
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F i g  38 G e r m - t u b e  i n s e r t i o n  on :
a )  s t r a i g h t
b)  c u r v e d ,  s p o r e  a x e s .
The  n e g a t i v e  a u t o t r o p i s m  s hown  by G.  c a n d i d u m  h a s  
b e e n  i n t e r p r e t e d  a s  b e i n g  a r e s p o n s e  t o  a n  o x y g e n  c o n c e n ­
t r a t i o n  g r a d i e n t  w h i c h  i s  m a x i m a l  a t  t h e  p o l e s  o f  a t a n d e m  
p a i r  b u t  l ow i n  c e n t r e .  The p o s s i b l e  t r a n s m i s s i o n  of  
s i g n a l s  b e t w e e n  t w o  a d j a c e n t  c e l l s  t h r o u g h  a common s e p t u m  
w o u l d  be  e n h a n c e d  i f  t h e  s e p t u m  was  p e r f o r a t e .  I n  G. 
c a n d i d u m  t h e  s e p t u m  d u r i n g  d e v e l o p m e n t  i s  m u l t i p e r f o r a t e  
b u t  b e c o m e s  o c c l u d e d  d u r i n g  m a t u r a t i o n ,  t h o u g h  t h e  d i s a r ­
t i c u l a t i o n  o f  t h e  a r t h r o c o n i d i a  i s  r e t a r d e d  by t h e  p r e s e n c e  
o f  t h i n  s t r a n d s  o f  m a t e r i a l  ( C o l e  & S a ms o n  1 9 7 9 ) ;  w h i c h  
may r e p r e s e n t  c o n n e c t i v e  s t r a n d s  w h i c h  o r i g i n a l l y  p a s s e d  
t h r o u g h  t h e  s e p t u m .  T h e s e  o b s e r v a t i o n s  s u g g e s t  t h a t  u s i n g
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a c h a i n  of  a r t h r o s p o r e s  a s  a p h r a g m o s p o r e  a n a l o g  i s  
s u p e r f i c i a l l y  a t t r a c t i v e  b u t  t h e  o p e n  p e r f o r a t e  s e p t a  i n  
Se p t  or  i a  w o u l d  a l l o w  some c o m m u n i c a t i o n  b e t w e e n  a d j a c e n t  
c e l l s .
6 . 4 .  The p a t t e r n e d  g r o w t h  p r o c e s s  l e a d i n g  t o  a x i s  
e x t e n s i o n  a n d  t h e  i n s e r t i o n  o f  l a t e r a l s  c a n  be  d e s c r i b e d  
by me ans  o f  s i m p l e  m o d e l .  T h e r e  a r e  f e w r e f e r e n c e s  t o  
p a t t e r n  f o r m a t i o n  i n  d i s c r e t e  f i l e s  o f  s h o r t - o r d e r  c e l l s .
A r e g u l a r  s p a c i n g  o f  m o r p h o l o g i c a l  f e a t u r e s  h a s  b e e n  
d e s c r i b e d  i n  A n a b a e n a  s p p ,  P o l y s p h o n d y l i u m  s p p  a nd  
D i p o d a s c  o p s  i s  s p .
I n  A n a b a e  n a , a f i l a m e n t o u s  a q u a t i c  c y a n o b a c t e r i u m  
u n d e r  c o n d i t i o n s  o f  an  a d e q u a t e  c o m b i n e d  n i t r o g e n  s o u r c e  
p r o d u c e s  o n l y  v e g e t a t i v e  c e l l s .  On r e m o v a l  o f / n i t r o g e n  
s o u r c e  t h e r e  i s  a n  i n t e r c a l a r y  i n s e r t i o n  o f  t h i c k - w a l l e d  
c e l l s ,  t h e  h e t e r o c y s t s ,  w h i c h  f i x  a t m o s p h e r i c  n i t r o g e n  and  
v e g e t a t i v e  g r o w t h  c a n  c o n t i n u e .  The i n s e r t i o n  p a t t e r n  i s  
i n i t i a l l y  a t  r a n d o m  b u t  e a c h  h e t e r o c y s t  i n d u c e s  a z o n e  o f  
i n h i b i t i o n  5 c e l l s  i n  e x t e n t  on e i t h e r  s i d e ,  i n  w h i c h  no 
o t h e r  h e t e r o c y s t  c a n  f  o r  m .(M i t  ch i s  on e t  a l  1 9 7 6 ) .  The z o n e  
o f  e x c l u s i o n  d e v e l o p s  d u r i n g  t h e  e a r l y  d e v e l o p m e n t a l  s t a g e  
i . e .  p r o h e t e r o c y s t ,  p r i o r  t o  n i t r o g e n  f i x a t i o n  ( B r a d l e y  & 
C a r r  1 9 7 1 )  b u t  i t  i s  p o s t u l a t e d  t h a t  c o n t r o l  i s  d ue  t o  t h e  
p r o d u c t i o n  o f  a n  i n h i b i t o r  by t h e  p r o - h e t e r o c y s t  w h i c h  
d i f f u s e  a l o n g  t h e  f i l a m e n t  u n t i l  a m i n i m a l  c o n c e n t r a t i o n  i s  
r e a c h e d  w h i c h  a l l o w s  new h e t e r o c y s t  f o r m a t i o n  t o  be i n i t i ­
a t e d  ( Wol k  1 9 8 2 ) .  The m o r p h o g e n  was  o r i g i n a l l y  c o n s i d e r e d  
t o  be  a n  ammoni um c o mp o u n d  b u t  r e c e n t  w o r k  s u g g e s t s  t h a t  
g l u t a m i n e  may be t h e  m o r p h o g e n  ( Wol k  1 9 8 2 ) .
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I n  P o l y s p h o n d y l i u m  p a l l i d u m , a c e l l u l a r  s l i m e  mou l d  
( S p i e g e l  & Cox 1 9 8 0 )  t h e  v e r t i c a l  s t a l k e d  s o r o c a r p  c o n s i s t s  
o f  an  e r e c t  s t a l k  b e a r i n g  w h o r l s  o f  b r a n c h e s  s p a c e d  o u t  
a t  r e g u l a r  i n t e r v a l s  a l o n g  t h e  s t a l k .  The  s t a l k  i s  c o m ­
p o s e d  o f  a f i l e  o f  e q u a l - s i z e d  c e l l s ,  t h u s  t h e r e  i s  an  
e q u a l  n u m b e r  o f  c e l l s  b e t w e e n  t h e  b r a n c h e s .  H o we v e r  i n  
d i p l o i d  s t r a i n s ,  t h o u g h  t h e  s t a l k  c e l l s  w e r e  o f  i n c r e a s e d  
s i z e  t h e  b r a n c h e s  w e r e  t h e  s ame  d i s t a n c e  a p a r t .  The 
s p a c i n g  o f  t h e  w h o r l s  i s  t h e r e f o r e  d i s t a n c e  d e t e r m i n e d .
The  a u t h o r s  s u g g e s t  t h a t  t h i s  i s  a t i m i n g  p h e n o m e n a ^  
t h o u g h  a n  a l t e r n a t i v e  e x p l a n a t i o n  c o u l d  i n v o l v e  t h e  e x i s -  
r a n c e  o f  a m o r p h o g e n  d i f f u s i n g  e i t h e r  b a s i p e t a l l y  o r  a c r o -  
p e t a l l y  w h i c h  a l l o w s  w h o r l  i n i t i a t i o n  a t  a c r i t i c a l  
c o n c e n t r a t i o n .  The  p r e s e n c e  o f  a w h o r l  t h e n  a c t s  a s  a 
new b a s e  ( E l wy  1 9 8 0 ;  El wy & D i x o n  1 9 8 5 ) .
I n  t h e  h e m i a s c o m y c e t e , D i p o d a s c  o p s  i s  u n i n u c l e a t a , 
a s c i  a r e  i n i t i a t e d  i n  a f i l e  o f  c e l l s  a t  e a c h  a l t e r n a t e  
s e p t u m .  The  a s c u s  i s  f o r m e d  f r o m  t h e  f u s i o n  o f  t w o  i s o -  
g a m e t a n g i a  p r o d u c e d ,  f r o m  a d j a c e n t  c e l l s ,  on e a c h  s i d e  t h e  
common s e p t u m .  T h e s e  c a n  be  r e g a r d e d  a s  t w i n - p a i r s  of  
s p e c i a l i s e d  l a t e r a l s  w h i c h  a r i s e  i n  a s i m i l a r / t o  t h e  t w i n -  
p a i r s  i n  S e p t  o r i a . The  i n s e r t i o n  p o i n t  i s  a l w a y s  4 - 5  
c e l l s  f r o m  t h e  t i p  o f  t h e  f i l e .  T h r e e  c o n t r o l  m o d e l s  w e r e  
d i s c u s s e d  ( E l wy  1 9 8 0 ;  El wy & D i x o n  1 9 8 5 )  b u t  a m o d e l  
i n v o l v i n g  a n  i n c r e a s i n g  m e t a b o l i c  g r a d i e n t  e s t a b l i s h e d  
b e h i n d  t h e  t i p  was  s u g g e s t e d  a s  t h e  mode o f  c o n t r o l  of  
f i r s t  a s c u s  i n s e r t i o n ;  t h e  a s c u s  e r o d e d  t h e  c o n c e n t r a t i o n  
a n d  t h i s  wa s  o n l y  r e - e s t a b l i s h e d  by g r o w t h  of  t h e  t i p .
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I n  S e p t  o r  i a  an  a n a l o g o u s  s i m p l e  mo d e l  c a n  be  e r e c t e d .  
The p r o d u c t i o n  o f  t w i n  g e r m - t u b e s  by a d j a c e n t  c e l l s  f r o m  
t h e  z o n e  c l o s e  t o  t h e  common c r o s s - w a l l  i s  t h e  e q u i v a l e n t  
o f  t w i n  i s o g a m e t a n g i a • The i n i t i a t i o n  o f  g e r m - t u b e s  i n  
t h e  c e n t r a l  c e l l s  o f  t h e  s p o r e - a x i s  ( F i g  39 C, D)  w h i c h  
w o u l d  be  s e v e r a l  c e l l s  p r o x i m a l  t o  t h e  d i s t a l  t i p  i s  e q u i ­
v a l e n t  t o  t h e  p r o x i m a l  i n s e r t i o n  of  an  a s c u s .  I n  a s p o r e  
a l l  t h e  c e l l s  a r e  t h e  s ame  a g e .  E a c h  c e l l  u n d e r g o e s  one 
o r  mor e  d i v i s i o n s  a n d  t h u s  a f i l e  o f  e q u a l - a g e d  c e l l s  i s  
p r o d u c e d .  I f  e a c h  c e l l  h a s  t h e  s ame  c a p a c i t y  t o  p r o d u c e  
a g e r m - t u b e  t h e n  i n s e r t i o n  s h o u l d  be  r a n d o m .  H o w e v e r ,  
g e r m - t u b e  p r o d u c t i o n  i s  c o n c e n t r a t e d  i n  t h e  c e n t r a l  z o n e  
w h i c h  i m p l i e s  t h a t  t h e  c e n t r a l  z o n e  i s  d i f f e r e n t  f r o m  t h e  
p o l e s  o f  t h e  s p o r e  a x i s .  To e x p l a i n  s u c h  d i f f e r e n c e s  i t  
i s  p o s t u l a t e d  t h a t  a g r a d i e n t  o f  e i t h e r  a m o r p h o g e n  o r  a 
m e t a b o l i t e  i s  s e t  up b e t w e e n  t h e  p o l e s  ( F i g  39 A & B) a nd  
t h a t  a maxi mum i s  r e a c h e d  i n  t h e  c e n t r e  a f t e r  s u f f i c i e n t  
g r o w t h  h a s  o c c u i y e d .  Once  a c r i t i c a l  t h r e s h o l d  l e v e l  h a s  
b e e n  r e a c h e d  l a t e r a l  p r o d u c t i o n  e n s u e s  ( F i g  39 B , C ) .
The p r o d u c t i o n  o f  t w i n  g e r m - t u b e s  a d j a c e n t  t o  t h e  o l d e s t  
s e p t u m  i m p l i e s  t h a t  s u b - c e l l u l a r  o r g a n i s a t i o n  i s  p o l a r i s e d  
b u t  i s  n o t  i n f l u e n c e d  by t h e  a c t i v i t i e s  on t h e  o t h e r  s i d e  
o f  t h e  s e p t u m  i . e .  t h e r e  i s  no t r a n s f e r  o f  a n e g a t i v e -  
a n t o t r o p i c - f a c t  or  t h r o u g h  t h e  s e p t u m .
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F i g  39  A-D S i n g l e  g r a d i e n t  m o d e l  o f  t w i n  g e r m - t u b e
p r o d u c t i o n  i n  S .  p i s t a c i a r u m .
A & B = GI 
C & D = Cl  I
-  p o s t u l a t e d  g r a d i e n t  
T = t h r e s h o l d  v a l u e
2 1 0
The s i m p l e  mode l  d o e s  n o t  a d e q u a t e l y  e x p l a i n  t h e  
i n s e r t i o n  of  t w i n  g e r m - t u b e s .  T h i s  d e f e c t  i s  a l s o  shown 
by t h e  mode l  f o r  D.  u n i n u c l e a t a  i n  w h i c h  t w i n  g a m e t a n g i a  
a r e  p r o d u c e d .
I t  c o u l d  be p o s t u l a t e d  t h a t  a c e l l ,  i n  i s o l a t i o n ,  
h a s  t wo  p o l e s  a t  t h e  c r o s s - w a l l s ;  and  a p o t e n t i a l  s y m­
m e t r i c a l  g r a d i e n t  r e p r e s e n t i n g  a p o l a r  c o m p o n e n t  c a n  be 
i n s e r t e d  i n t o  t h e  c e l l  ( F i g  4 0 ) .
h i g h
><  g r a d i e n t
1 ow
F i g  40  I n t r a - c e l l u l a r  g r a d i e n t
A c e l l ,  i n  a f i l e  o f  c e l l s  w i t h  a c l e a r l y  d e f i n e d  
t i p  h a s ,  w i t h  r e f e r e n c e  t o  t h e  t i p ,  a p r o x i m a l  a n d  a 
d i s t a l  c r o s s - w a l l  and  t o  r e p r e s e n t  t h i s  an  a s y m m e t r i c  
g r a d i e n t  c a n  be i n s e r t e d  ( F i g  4 1 ) .
h i g h
l ow
P r o x i m a l  D i s t a l
F i g  41 A s y m m e t r i c  i n t r a c e l l u l a r  g r a d i e n t s
Eac h  c r o s s - w a l l  w i l l  h a v e  t wo  i d e n t i t i e s :  a d i s t a l
i d e n t i t y  and  a p r o x i m a l  i d e n t i t y  and  a g r a d i e n t  c a n  be
i n s e r t e d  i n t o  e a c h  c e l l  ( F i g  4 2 ) .
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h i g h
1 ow P r o x  D i s t
P r o x  D i s t
P r o x  D i s t a l
F i g  42 G r a d i e n t s  i n  a f i l e  of  c e l l s .
T h e r e  i s  a h i g h  v a l u e  a t  e a c h  c r o s s - w a l l  a n d  a p r o ­
g r e s s i v e  r e d u c t i o n  a s  t h e  t i p  i s  a p p r o a c h e d .  T h i s  r e d u c ­
t i o n  c a n  be  s u m m a r i s e d  a s  an  i n t e r a c t i v e  mo d e l  i n c o r p o r ­
a t i n g  t w o  g r a d i e n t s  ( F i g  43 a - h ) :  a n  i n t r a - h y p h a l  g r a d i e n t
a n d  an  i n t r a - c e l l u l a r  g r a d i e n t  w i t h  h i g h  c o n c e n t r a t i o n  
a t  t h e  p o l e s .  T h i s  c a n  be r e p r e s e n t e d  a s  a s i n e  c u r v e  ( a ) .  
The s a me  wa v e  c a n  be o v e r l a i d  i n t o  a s i n g l e  c e l l  ( b ) .
D u r i n g  d i v i s i o n  t h e  g r a d i e n t  i s  s t r e c h e d  ( c )  a nd  r e ­
e s t a b l i s h e d  when t h e  c r o s s - w a l l  i s  c o m p l e t e d  ( d ) .  The 
i n t r a - h y p h a l  g r a d i e n t  c a n  be  r e p r e s e n t e d  a s  a g r a d i e n t  
o f  i n c r e a s i n g  c o n c e n t r a t i o n  w i t h  t h e  l o w e s t  v a l u e  a t  t h e  
t i p  ( e ) .  The  i n d i v i d u a l  c e l l  s i n e  wa ve  c a n  be  l i n k e d  i n t o  
a c o n t i n u o u s  s i n e  wave  and  t h e s e  t wo  g r a d i e n t s  c a n  be  
c o m b i n e d  by a d d i t i o n  t o  g i v e  a r e s u l t a n t  c u r v e  w i t h  p e a k s  
a t  t h e  c r o s s - w a l l s .  The p e a k s  d i m i n i s h  i n  h e i g h t  a s  t h e  
t i p  i s  a p p r o a c h e d  ( g ) .  A t h r e s h o l d  v a l u e  c a n  be  d r a w n  
( T)  a n d  a m o r p h o l o g i c a l  r e s p o n s e  c a n  be  e x p e c t e d  when 
t h e  t h r e s h o l d  l e v e l  i s  r e a c h e d  ( h ) .  The  t w i n  g e r m - t u b e s  
a r e  f o r m e d  a s  a r e s u l t  of  t h e  a p p r o x i m a t e l y  s y m m e t r i c a l  
c o n c e n t r a t i o n  on e a c h  s i d e  of  t h e  c r o s s - w a l l .  As t h e  t i p  
a d v a n c e s  t h e  mo d e l  i s  d r a w n  f o r w a r d  a n d  c e l l s  r e s p o n d  i n  
o r d e r  •
2 1 2
Fi g  43 : An i n t e r a c t i o n  mode l  of  p o l a r  c e l l  g r o w t h
and p r o x i m a l  i n s e r t i o n  of  l a t e r a l s  i n  a 
g e r m i n a t i n g  s p o r e  of  S.  p i s t a c i a r u m .
a - d ,  c e l l  d i v i s i o n
a :  s i n e  wave r e p r e s e n t i n g  a c o n c e n t r a t i o n  
g r a d i e n t .
b : s i n e  wave o v e r l a i d  i n t o  a c e l l  w i t h  
g r o w t h  c o n c e n t r a t e d  a t  t h e  p o l e s .
c :  c e l l  d i v i s i o n  w i t h  a s t r e t c h e d  g r a d i e n t
d :  r e - e s t a b l i s h e d  g r a d i e n t  i n  t h e  t wo  
d a u g h t e r  c e l l s .
e - h ,  g e r m t u b e  i n s e r t i o n
e :  i n t r a - h y p h a l  c o n c e n t r a t i o n  g r a d i e n t  
e s t a b l i s h e d  b e h i n d  t h e  t i p .
f ;  s i n u s o i d a l  i n t r a - c e l l u l a r  c o n c e n t r a t i o n  
g r a d i e n t .
g :  r e s u l t a n t  c o mb i n e d  c o n c e n t r a t i o n  g r a d i e n t .  
T h r e s h o l d  v a l u e  ( T ) .
h :  m o r p h o l o g i c a l  r e s p o n s e  t o  t h e  t h r e s h o l d  
v a l u e  i . e .  p r o x i m a l  i n s e r t i o n  of  g e r m -  
t u b e s  i n  p o s i t i o n s  a d j a c e n t  t o  t h e  c r o s s ­
w a l l s .
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T h i s  mo d e l  c a n  a l s o  be  d e p l o y e d  t o  e x p l a i n  t h e  a n a l ­
o g o u s  f o r m a t i o n  of  t w i n  g a m e t a n g i a  i n  D. u n i n u c l e a t a . The 
t w i n  g a m e t a n g i a  f u s e  i m m e d i a t e l y  t o  p r o d u c e  t h e  a s c u s  
i n i t i a l ,  w h e r e a s  i n  S .  p i s t a c i a r u m  t h e  g e r m - t u b e s  s how 
n e g a t i v e  a u t o t r o p i s m  a nd  g r o w away  f r o m  e a c h  o t h e r .  T h i s  
i n d i c a t e s  a f u n d a m e n t a l  d i f f e r e n c e  b e t w e e n  s p e c i a l i s e d  
l a t e r a l s  a s  g a m e t a n g i a  a nd  l a t e r a l  g e r m - t u b e s .  I n  t h e  
f o r m e r  t h e r e  mu s t  be  a n  a n a s t o m o s i s  f a c t o r  or  p o s i t i v e  
a u t o t r o p i s m  f a c t o r  w h i c h  o v e r  i d e s  t h e  b a s i c  n e g a t i v e  a u t o ­
t r o p i s m  s h o wn  by mo s t  f u n g a l  h y p h a e ,  e x c e p t  i n  t h e  o l d e r  
p a r t s  o f  a c o l o n y  w h e r e  a n a s t o m o s i s  i s  a common p h e n o me n a ?  
( G r e g o r y  1 9 8 4 ) .
The t h r e s h o l d  v a l u e  p o s t u l a t e d  i n  t h e  i n t e r a c t i v e  
mo d e l  i s  t h e  b a s i c  c o n t r o l  o f  t h e  g e r m i n a t i o n  r e s p o n s e .
A g e r m i n a t i o n  s e q u e n c e  i n  w h i c h  t h e  t h r e s h o l d  i s  n e v e r  
r e a c h e d  c o n f i n e s  g e r m i n a t i o n  t o  G I ; a l t e r n a t i v e l y  a s e q u e n c e  
i n  w h i c h  t h e  t h r e s h o l d  i s  r e a c h e d  r a p i d l y  i . e .  a s h o r t  GI 
p h a s e  w i l l  l e a d  t o  t h e  r a p i d  i n d u c t i o n  of  GI I  e v e n t s .  The 
e x p e r i m e n t s  i n  w h i c h  g e r m i n a t i o n  was  f o l l o w e d  i n  m e d i a  of  
v a r i o u s  c o m p o n e n t s  s h o we d  c o n s i d e r a b l e  v a r i a t i o n  i n  GI a nd  
G I I  r e s p o n s e s .
6 . 5 .  The f u n d a m e n t a l  p a t t e r n  o f  g e r m i n a t i o n  i n  S .  p i s t a c ­
i a r u m  a l w a y s  i n v o l v e d  GI a x i s  g r o w t h .  No s w e l l i n g  or  g r o w t h  
o c u r r e d  i n  w a t e r  c u l t u r e .  T h i s  c o n f l i c t s  w i t h  t h e  e v i d e n c e  
o f  C h i t z a n d i s  ( 1 9 5 6 )  who r e p o r t s  t h e  g e r m i n a t i o n  of  b o t h  
c o n i d i a  a nd  a s c o s p o r e s  i n  w a t e r .  S .  n o d o r u m  a l s o  s howe d  
g e r m i n a t i o n  o f  w a s h e d  s p o r e s  a f t e r  s t o r a g e  f o r  7 ,  24  h o u r s
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when p l a c e d  on c e l l o p h a n e  on we t  f i l t e r  p a p e r  ( G r i f f i t h s  
& P e r r e t t  1 9 8 0 ) ,  A p r o b l e m  w i t h  p y c n i o s p o r e s  i s  t h e  c a r r y ­
o v e r  of  e x t r a c e l l u l a r  e x o g e n o u s  m u c i l a g i n o u s  m a t r i x  d u r i n g  
t h e  p r o c e s s  of  s p o r e  r e l e a s e  i n  t h e  c i r r h u s .  C i r r h u s  
m a t e r i a l  of  S # n od o r  u m h a s  b e e n  s hown t o  c o n t a i n  a g e r m i ­
n a t i o n  i n h i b i t o r  i . e .  t o  p r e v e n t  s p o r e  g e r m i n a t i o n  i n  
t h e  c i r r h u s  p r i o r  t o  d i s p o s a l  ( G r i f f i t h s  & P e r r e t t  1 9 8 0 )  
a nd  m a t r i x  m a t e r i a l  h a s  b e e n  s hown t o  i m p r o v e  l o n g - t e r m  
v i a t i l i t y  of  a s p o r e  w a s h e d  f r e e  of  m a t r i x  m a t e r i a l  i n  
^ p h a e r e l l o p s i s  f i l u m  ( L o u i s  & Cooke  1 9 8 3 ) .
S p o r e  g e r m i n a t i o n  i n  many f u n g i  r e q u i r e s  t h e  p r e s e n c e  
o f  e x o g e n o u s  n u t r i e n t s  (Van E t t e n  e t  a l  1 9 8 3 )  a n d  t h e  
b a s i c  r e q u i r e m e n t s  a r e  a r e a d i l y  a v a i l a b l e  c a r b o n  s o u r c e  
e . g .  g l u c o s e  ( G) a n i t r o g e n  s o u r c e  (N) a nd  a s o u r c e  of  
p h o s p h a t e  ( P)  ( T a b l e  2 5 ) .  The o r i g i n a l  w o r k  o f  E k u n d a y o  
& C a r l i s l e  ( 1 9 6 4 )  on R h i z o p u s  a r r h i z u s  s h o we d  t h e  n e e d  f o r  
C,  N a n d  P f o r  c o m p l e t e  g e r m i n a t i o n  t h o u g h  s w e l l i n g  o c u r r e d  
w i t h  g l u c o s e  a l o n e .
The  l a r g e r  m a c r o c o n i d i a  of  F u s a r i u m  c u l m o r u m  r e q u i r e d  
C a n d  N ( M a r c h a n t  1 9 6 6 ) ,  t h e  i n t e r n a l  r e s e r v e s  of  P a p p a r ­
e n t l y  b e i n g  s u f f i c i e n t .  The v e r y  s m a l l  a s c o s p o r e s  of  
H y p o c r e a  p u l v i n a t a  r e q u i r e d  C,  N a n d  P f o r  g e r m i n a t i o n  
w h i c h  i n v o l v e d  a 30x i n c r e a s e  i n  s p o r e  v o l u m e  and  t h r e e  
r o u n d s  o f  n u c l e a r  d i v i s i o n  b e f o r e  a g e r m - t u b e  was  i n s e r t e d  
( D i x o n  & S p e l l e r  1 9 8 3 ) .  I n  S y n c e p h a l a s t r u m  r a c e m o a u m  
o n l y  g l u c o s e  i s  r e q u i r e d .  Some s p o r e s  c o n t a i n  s u f f i c i e n t  
e n d o g e n o u s  r e s e r v e  n u t r i e n t s  t o  e n a b l e  t h e m  t o  g e r m i n a t e  
i n  d i s t i l l e d  w a t e r  e . g .  a r e d o s p o r e s  o f  r u s t s  ( P u c c  i n a
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i c y u i i c u  1 ur g e r m i n a t i o n  oy some T u n q i ,
Fu n g u s N u t r i e n t s R e f e r e n c e
B o t r y t  i s  
c i n e r  ea
Simp l e  s u g a r s  
ami no  a c i d s
Bl a ke ma n  1975
C e r a t  o c y s t  i s  
ad ip o s a
g l u c o s e S kon e  1982
F u s a r  ium 
c u l mo r u m
c a r b o n
n i t r o g e n
Ma r c h a nt  & Wh i t e  
1966
Gl o m e r e l i a  
c i n g u l a t a
g l u c o s e  Mg SO.  
KNOj KH^  PO^
Li n  1945
P h y l l o s t i c . t a
l y c o p e r s i c i
g l u c o s e  n i t r o g e n  
p h o s p h a t e  Mg SO^
O n e s i v o s a n  1976
P é n i c i l l i u m
a t r o v e n e t u m
g l u c o s e ,  n i t r a t e  
p h o s p h a t e
G o t t l i e b  & T r i p a t h i  
1 9 6 8
Pen i c  i l 1 ium 
g r i s e o f u l v u m
g l u c o s e ,  n i t r a t e  
p h o s p h a t e
F l e t c h e r  & Mort on  
1 9 7 0
P é n i c i l l i u m  
n o t â t um
c a r b o n ,
n i t r o g e n
M a r t i n  & N i c o l a s  
1 9 7 0
R h i z o p u s  
a r r h i z u s
g l u c o s e ,  n i t r o g e n  
p h o s p h a t e
Ek un d a y o  1966
Sy n c e p h a l a s t r u m  
r ac e mo s um
g l u c o s e Hobot  & G u l l  
1977
T r i c h o d e r m a  
1 i g  nor  um
c a r b o n ,
n i t r o g e n
M a r t i n  & N i c o l a s  
1 9 7 0
H y p o c r e a  
p u Iv i n a t a
1...........................................
c a r b o n , 
p h o s p h o r u s , 
n i t r  oge n .
S p e l l e r  1 9 6 9
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g r  aw i r t i s  ( A l l e n  1955 a n d  1 9 5 7 )  l a r g e  a s c o s p o r e s  e . g .  
N e u r o s p o r a  t e t r a s p o m a  ( Lowr y  & S u s s m a n  1 9 6 8 ) .
The  f a i l u r e  of  t h e  s p o r e s  o f  S .  p i s t a c i a r u m  t o  g e r m i ­
n a t e  i n  w a t e r  i n d i c a t e d  a n e e d  f o r  e x o g e n o u s  n u t r i e n t s .
A p r o b l e m  i n h e r e n t  i n  a l l  s p o r e  g e r m i n a t i o n  s t u d i e s  i s  
a c c o u n t i n g  f o r  a s m a l l  p e r c e n t a g e  of  s p o r e s  w h i c h  a r e  
c a p a b l e  o f  g e r m i n a t i o n  i n  me d i a  a p p a r a n t l y  d e f i c i e n t  f o r  
t h e  c o m p o u n d ( s )  r e q u i r e d  by t h e  m a j o r i t y  of  s p o r e s .  A 
p a r t i a l  e x p l a n a t i o n  may l i e  i n  t h e  a d e q u a t e  p r o v i s i o n  of  
i n t e r n a l  r e s e r v e  i n  a f ew s p o r e s  a n d / o r  i n  t h e  p r o v i s i o n  
o f  m i c r o - a m o u n t s  of  e s s e n t i a l  c o m p o u n d s  b e i n g  r e l e a s e d  
f r o m  o t h e r  s p o r e s  d u e  t o  t h e  d e a t h  o f  a f r a c t i o n  o f  t h e  
s p o r e  p o p u l a t i o n .  I n  t h e  s t u d i e s  o f  S .  p i s t a c i a r u m  a 
s m a l l  f r a c t i o n  of  s p o r e s  w e r e  c a p a b l e  of  g e r m i n a t i o n  i n  
m e d i a  l a c k i n g  g l u c o s e  o r  n i t r o g e n .  The b a s a l  me d i um ( SS)
s e l e c t e d  f o r  a n a l y s i n g  t h e  b a s i c  p a t t e r n  c o n t a i n e d  g l u c o s e ,
a
n i t r o g e n  a s  a s p a r y g i n e ,  s o d i u m  and  p o t a s s i u m  p h o s p h a t e s ,  
m a g n e s i u m  and  s u l p h u r  and  t r a c e  e l e m e n t s .  E f f e c t i v e  
g e r m i n a t i o n  i . e .  GI a n d  G l l  r e q u i r e d  t h e  C,  N a n d  P c o m­
p o n e n t s  o f  t h e  me d i um.
I n  me d i a  l a c k i n g  p h o s p h a t e  t h e  s p o r e  was  c a p a b l e  of  
m o b i l i s i n g  i n t e r n a l  PO^ r e s e r v e s  t o  p r o d u c e  e x t e n s i v e  p 
s p o r e  a x i s  g r o w t h  ( 20  c e l l s )  b u t  t h e  G l l  r e s p o n s e  was
m a r k e d l y  r e d u c e d .  On t r a n s f e r r i n g  l o n g ,  - P O^ ,  GI t y p e  
s p o r e s  t o  c o m p l e t e  me d i u m,  a l m o s t  s y n c h r o n o u s  p r o d u c t i o n  
o f  G l l  e v e n t s  was  i n d u c e d  w i t h i n  5 - 6  h o u r s .  I n  t e r m s  of  
t h e  i n t e r a c t i v e  mo d e l  f a i l u r e  t o  p r o d u c e  G l l  e v e n t s  s u g g e s t  
t h a t  t h e  t h r e s h o l d  v a l u e s  w e r e  n o t  r e a c h e d  d u e  t o  p h o s p h a t e
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S t a r v a t i o n ,  An e x a m i n a t i o n  o f  p h o s p h a t e  r e s e r v e s  i n  s p o r e s  
o f  Se p t  o r  i a  i n  c o m p a r i s o n  t o  o t h e r  s p o r e  t y p e s  w o u l d  be 
a p p r o p r i a t e  a s  w e l l  a s  a n  e x a m i n a t i o n  of  t h e  ma i n  c a r b o ­
h y d r a t e  r e s e r v e s ;  w h i c h  i s  a s s u m e d  t o  be  t r e h a l o s e  a s  i n  
many o t h e r  f u n g i  ( Van E t t e n  e t  a l  1 9 8 3 ) .
The f a i l u r e  t o  g e r m i n a t e  i n  t h e  a b s e n c e  of  N s u g g e s ­
t e d  t h a t  a n  e x a m i n a t i o n  of  v a r i o u s  a m i n o - a c i d s  a s  a 
s u b s t i t u t e  f o r  a s p a r a g i n e  w o u l d  be  a p p r o p r i a t e ,  p a r t i c u l ­
a r l y  a s  t h e  s u r f a c e  o f  p l a n t  l e a v e s  n o r m a l l y  h a s  an  
a c c u m u l a t i o n  o f  e s s e n t i a l  m i n e r a l ,  o r g a n i c  c o m p o u n d s  
i n c l u d i n g  s u g a r s  a nd  s u g a r - a l e o h o l s , a m i n o - a c i d s ,  p e c t i c  
s u b s t a n c e s ,  v i t a m i n s  and  p h e n o l i c s  ( G o d f r e y  1 9 7 6 ) ,  The 
m a t e r i a l  a r i v e s  by d i f f u s i o n  f r o m  t h e  e p i d e r m a l  c e l l s  
t h r o u g h  t h e  m i c r o - p o r e s  i n  t h e  c u t i c l e  ( M a c a u l e y  & Wai d
1 9 8 1 ) .
G e r m i n a t i o n  i n  me d i a  c o n t a i n i n g  s i n g l e  a m i n o - a c i d s  
s h o w e d  s u p p o r t  of  g e r m i n a t i o n ,  t h o u g h  t h e  a b s o l u t e  r a t e  
o f  r e s p o n s e  v a r i e d  c o n s i d e r a b l y .  P r o l i n e  was  mor e  e f f e c ­
t i v e  t h a n  a s p a r a g i n e ,  an  o b s e r v a t i o n  a l s o  s hown  by a 
s t r a i n  o f  R h i z o p u s  a r r h i z w s  u s e d  by Weber  & Ogawa ( 1 9 6 5 ) .
I n  t h i s  w o r k  i n d i v i d u a l  a m i n o - a c i d s ,  s u g a r s ,  o r g a n i c  
a c i d s ,  v i t a m i n s  a nd  i n o r g a n i c  n i t r o g e n  s o u r c e s  w e r e  
t e s t e d .  An i n t e r e s t i n g  f e a t u r e  was  t h a t  p r o l i n e  was  
e f f e c t i v e  i n  t h e  a b s e n c e  of  p h o s p a t e .  I n  t h e  p r e s e n c e  of  F  
o r n i t h é n e  a n d  a r g i n i n e  a s  w e l l  a s  p r o l i n e  w e r e  s t i m u l a t o r y .  
An e x a m i n a t i o n  of  a p o s s i b l e  p h o s p h a t e / p r o l i n e  i n t e r a c t i o n  
i n  S .  p i s t a c i a r u m  w o u l d  be  o f  i n t e r e s t .
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A m a j o r  d i f f e r e n c e  i n  p a t t e r n  r e s p o n s e  was  o b s e r v e d  
w i t h  h i s t i d i n e  when  u s e d  a s  a s o u r c e  o f  n i t r o g e n .  The 
GI r e s p o n s e  was  r e d u c e d  and  t h e  s p o r e  a x i s  g r o w t h  was  o v e r ­
t a k e n  by t h e  o n s e t  of  G I I .  I n  t e r m s  o f  t h e  mo d e l  t h e  
i n t e r n a l  t h r e s h o l d  was  r e a c h e d  r a p i d l y  i . e .  t h e  a x i s  was  
s h o r t e r ,
A m u l t i s e p t a t e  s p o r e  i s  r e g a r d e d  a s  g e r m i n a t e d  i f  
one  o r  mor e  g e r m - t u b e s  a r e  p r o d u c e d ;  b u t  e a c h  c e l l  h a s  
t h e  p o t e n t i a l  t o  p r o d u c e  a g e r m - t u b e  ' s u c c e s s *  i . e .  t h e  
r e a l i s a t i o n  o f  t h e  p o t e n t i a l  c a n  be m e a s u r e d  a s  t h e  r a t i o  
o r  p e r c e n t a g e  of  t h e  numbe r  o f  g e r m - t u b e s  t o  t h e  numbe r  
o f  c e l l s  i n  t h e  a x i s .  Thus  a s i m p l e  s p o r e  w i t h  one  g e r m -  
t u b e  i s  100% s u c c e s s f u l .
The  c a p a c i t y  o f  s p o r e s  o f  S .  p i s t a c i a r u m  t o  r e s p o n d  
t o  d i f f e r e n t  me d i a  by a l t e r e d  GI and  G l l  r e s p o n s e s  s h o we d  
t h a t  n o t  a l l  c e l l s  p r o d u c e d  g e r m - t u b e s  d u r i n g  t h e  c o u r s e  
o f  t h e  e x p e r i m e n t .  A maximum s u c c e s s  r a t e  of  60% was  
f o u n d  w i t h  SS a n d  s u b s t i t u t i o n  of  t h e  a s p a r g i n e  by h i s t i ­
d i n e  d i d  n o t  r e d u c e  t h i s  s i g n i f i c a n t l y .  I f  an  e q u a l  
n u mb e r  o f  s p o r e s  i s  c o n s i d e r e d  t h e  r e d u c t i o n  o f  GI r e s p o n s e  
u n d e r  h i s t i d i n e  t o  60% of  SS c o u p l e d  w i t h  t h e  same  G l l  
r e s p o n s e  i . e .  60% t h e  o v e r a l l  g e r m - t u b e  p r o d u c t i o n  wo u l d  
be r e d u c e d  t o  60% by t h e  v a l u e  a c h i e v e d  by S S .
I n  a p l a n t  p a t h o g e n  t h e  p r o d u c t i o n  of  ' ma n y  g e r m -  
t u b e s *  w o u l d  r e p r e s e n t  a g r e a t e r  o p p o r t u n i t y  f o r  s u c c e s f u l  
i n f e c t i o n  i . e .  t h e  i n o c u l u m  p o t e n t i a l  o f  a s i n g l e  s p o r e  
w o u l d  be  i n c r e a s e d .  The b a l a n c e  b e t w e e n  r a p i d  g e r m - t u b e  
i n s e r t i o n  i . e .  s h o r t  GI r a p i d  G l l  a nd  a s l o w e r  b u t  g r e a t e r
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p o t e n t i a l  r e s p o n s e  i . e .  l o n g e r  GI p e r i o d ,  may be c r i t i c a l  
i n  t h e  s u r v i v a l  of  a p r o p a g u l e  d u r i n g  t h e  i n f e c t i o n  p e r i o d ;  
t h o u g h  a c a p a c i t y  t o  v a r y  t h e  l e n g t h  o f  t h e  G l / G l l  s t a g e s  
may be  i m p o r t a n t  i f  c o n d i t i o n s  v a r y  d u r i n g  t h e  p e r i o d  i n  
w h i c h  s p o r e s  a r e  d i s s e m i n a t e d  and  i n f e c t i o n  p r o c e e d s .  The 
l a t t e r  p r o p e r t y  may a l s o  be i m p o r t a n t  i f  t h e  G l l  r e s p o n s e  
i s  o f  t w o  p o s s i b l e  o u t c o m e s ,  e i t h e r  a g e r m - t u b e  o r  a 
s e c o n d a r y  c o n i d i u m .
A m a j o r  d i f f e r e n c e  i n  t h e  G l l  r e s p o n s e  o f  S .  p i s t a c -  
i a r u m  i s  t h e  p r o d u c t i o n  o f  g e r m - t u b e s  on s e m i - s o l i d  me d i a  
a nd  t h e  p r o d u c t i o n  o f  e i t h e r  g e r m - t u b e s  o r  s e c o n d a r y  
c o n i d i a  i n  s h a k e n  l i q u i d  c u l t u r e .
6 , 6 .  The p r o d u c t i o n  o f  s e c o n d a r y  c o n i d i a  by g e r m i n a t i n g  
s p o r e s  h a s  b e e n  r e c o r d e d  i n  s e v e r a l  p l a n t  p a t h o g e n s .
Oo n e s  & Le e  ( 1 9 7 ^ )  i l l u s t r a t e  t w i n  c o n i d i a l - p a i r s  p r o d u c e d  
f r o m  s t r o n g l y  c u r v e d  a x i s  i n  S .  t r i t i c i , a nd  t h i s  a l s o  
o c c u r s  i n  S .  l i n i c o l a  ( S a c k s t o n  1 9 7 0 ) .  R a m u l i s p o r a  s p p ,  
common l e a f  s p o t  p a t h o g e n s  o f  G r a m i n e a e ,  a l s o  p r o d u c e  s e c o n  
d a r y  c o n i d i a  i n  s h o r t  l a t e r a l  o u t g r o w t h s  i n s e r t e d  i n  t h e  
c e l l s  o f  t h e  a x i s  o f  t h e  t a p e r i n g  c u r v e d  p h r a g m o s p o r e .
The s p o r e  a x i s  may b e a r  t wo  o r  t h r e e  t a p e r i n g  b r a n c h e s  b u t  
s e c o n d a r y  s p o r e s  a r e  n o t  p r o d u c e d  on t h e s e .  I n  t h e  p h r a g m o  
s p o r e s  g e n u s  C e r c o s p o r a  s e c o n d a r y  c o n i d i a  a r e  p r o d u c e d  on 
l a t e r a l  c o n i d i o p h o r e s  i n  C. ar ach i d  i c o l a  . The c o n i d  i o p h o r e s  
a r e  p r o d u c e d  s i n g l y  f r o m  c e l l s  o f  t h e  s p o r e  a x i s .  The 
o u t g r o w t h s  h a v e  a g r e a t e r  d i a m e t e r  t h a n  t h e  h y p h a l  g e r m -  
t u b e s .  S p o r e  a x i s  c e l l s  c a n  p r o d u c e  b o t h  g e r m - t u b e s  and  
s e c o n d a r y  c o n i d i a  ( Os o  1 9 7 6 ) .
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S i m i l a r  s e c o n d a r y  c o n i d i a t i o n  h a s  a l s o  b e e n  s hown  i n  C . 
b o u r g a i n v  i l l e a e , t h o u g h  i n  t h i s  s p e c i e s  t h e  c o n i d i a  a r e  
s e s s i l e  a n d  t h e  c e l l s  o f  t h e  s p o r e  a x i s  a c t  a s  t h e  c o n i d -  
i o g e n o u s  c e l l  ( S o b e r s  & M a r t i n e z  1 9 6 6 ) .  I n  c o n t r a s t  C.  
p e r  s o n a t a  and  C.  n i c o t i a n a e  do  n o t  f o r m  s e c o n d a r y  c o n i d i a  
( Os o  1 9 6 6 ) .  The c o n i d i a  we r e  p r o d u c e d  f r o m  s p o r e s  d r i e d  
o n t o  a g l a s s  s u r f a c e  and  t h e n  a l l o w e d  t o  g e r m i n a t e  i n  
h u m i d i t y  c h a m b e r s .
I n  S .  p i s t a c i a r u m  no s e c o n d a r y  c o n i d i a  w e r e  o b s e r v e d  
o t h e r  t h a n  i n  l i q u i d  c u l t u r e .  The s e c o n d a r y  c o n i d i a  w e r e  
p r o d u c e d  f r o m  t h e  same r e g i o n  of  t h e  c e l l s  a s  l a t e r a l  
h y p h a e  a n d  o f t e n  a s  t w i n - p a i r s .  Thus  t h e  f a t e  o f  a 
l a t e r a l  d e p e n d e d  u p o n  t h e  c u l t u r a l  c o n d i t i o n s  i . e .  t h e  
t y p e  o f  l a t e r a l  e v e n t u a l l y  p r o d u c e d  d i d  n o t  i n f l u e n c e  a ny  
c h a n g e  i n  t h e  b a s i c  r e s p o n s e s  a s  s e t  o u t  by t h e  m o d e l .
T h i s  i m p l i e s  t h a t  c o n t r o l  of  t h e  f a t e  o f  t h e  l a t e r a l  i s  
u n d e r  a d i f f e r e n t  s e t  o f  c o n t r o l s ,  t h a n  i n s e r t i o n .  No 
a t t e m p t  h a s  b e e n  made i n  t h i s  wo r k  t o  e x p l o r e  t h e  d i f f e r ­
e n t i a l  c o n t r o l s  t h a t  may be i n v o l v e d .  The p r o d u c t i o n  of  a 
s e c o n d a r y  c o n i d i u m  l e a v e s  a s c a r ,  w h i c h  i s  e a s i l y  s e e n  i n  
SEM a s  a r a i s e d  r i n g  and  w h i c h  c a n  a l s o  be s e e n  a s  a b r i g h t  
f l u o r e s c e n t  s p o t  u s i n g  t h e  b r i g h t e n e r  T i n o p a l .  The k i n e ­
t i c s  o f  s e c o n d a r y  s p o r e  p r o d u c t i o n  c o u l d  e a s i l y  be f o l l o w e d  
by f l u o r e s c e n c e  a n a l y s i s  of  s p o r e  s c a r s  c o u p l e d  w i t h  s p o r e  
c o u n t s ,  u s i n g  b o t h  d i r e c t  v i s u a l  c o u n t s ,  a nd  a s  h a s  b e e n  
d o n e ,  u s i n g  t h e  c o u l t e r  c o u n t e r .  The p e a k s  i n  v o l u m e  p l o t s  
o f  g e r m i n a t i n g  s p o r e s  s howe d  t h e  p r o d u c t i o n  of  l a r g e  
n u m b e r s  o f  s e c o n j a r y  c o n i d i a  a f t e r  38 h o u r s  i n  SS m e d i a .
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The p r o d u c t i o n  of  s e c o n d a r y  c o n i d i a  i s  s i m i l a r  t o  
m i c r o c y c l e  c o n i d i a t i o n .  T h i s  p h e n o m e n o n  h a s  b e e n  o b s e r v e d  
i n  s e v e r a l  f u n g i  ( T a b l e  26 ) b u t  a l w a y s  i n  r e s p o n s e  t o
a l t e r a t i o n s  i n  t h e  g r o w t h  c o n d i t i o n s  l e a d i n g  t o  g r o w t h  
l i m i t a t i o n .  A f e a t u r e  of  t h e s e  o r g a n i s m s  i n  w h i c h  m i c r o ­
c y c l e  c o n i d i a t i o n  h a s  b e e n  i n d u c e d  i s  t h e  s u p p r e s s i o n  of  
g e r m - t u b e h y p h a l  g r o w t h  a nd  t h e  s u b s t i t u t i o n  of  a g e r m -
t u b e  ----- ►- c o n i d i o p h o r e  g r o w t h  s e q u e n c e .  T e m p e r a t u r e
c o n t r o l  i s  s hown  by A.  n i g e r  i n  w h i c h  g r o w t h  a t  4 4 ^ c  
l e a d s  t o  t h e  c o n i d i u m  s w e l l i n g  i n t o  a g i a n t  m u l t i n u c l e  a t e  
c e l l ,  f r o m  w h i c h  a r i s e s  a c o n i d i o p h o r e  on b e i n g  t r a n s ­
f e r r e d  t o  t h e  n o r m a l  g r o w t h  t e m p e r a t u r e  o f  3 0 ° c  ( A n d e r s o n  
& S m i t h  1 9 7 1 ,  1 9 7 2 ) .  I n  N . c r a s s a  4 6 ° c  ( C o r t a t  & T u r i a n  
1 9 7 4 )  and  i n  P .  ü r t i c a e  3 7 ° c  a r e  t h e  c r i t i c a l  t e m p e r a t u r e s .  
N u t r i t i o n a l  c o n t r o l s  h a v e  b e e n  s hown f o r  N. c r a s s a , g r o w t h  
on a c e t a t e ;  a m i x t u r e  o f  a m i n o - a c i d s  i n  P é n i c i l l i u m  
d i g  i t a .  t u m a nd  a s h i f t - u p  o f  n u t r i t i o n  f r o m  a l ow t o  a 
h i g h  s u g a r / ^ ^ t r a t e  medi um i n  T r i c h o d e r r n a  h a r z i a n u m  ( Z u b e r  
& T u r i a n  1 9 8 1 ) .
An i n t e r e s t i n g  f e a t u r e  o f  s e c o n d a r y  c o n i d i u m  p r o d u c ­
t i o n  i n  S .  p i s t a c i a r u m  i s  t h e  b e h a v i o u r  o f  t h e  n u c l e u s .
No s t a n d a r d  r e l a t i o n s h i p  b e t w e e n  c o n i d i a l  s i z e  a n d  t h e  
i m m i g r a t i o n  of  a d a u g h t e r  n u c l e u s  f r o m  t h e  c o n i d i o g e n o u s  
c e l l  was  o b s e r v e d .  S i m i l a r  o b s e r v a t i o n s  d u r i n g  p r i m a r y  
c o n  i d i o g e n s i s  w i t h i n  t h e  p y c n i d i u m  c a n  be  made u s i n g  t h e  
i l l u s t r a t i o n s  o f  c o n i d i o g e n e s i s  i n  S .  l e u c a n t h e u m  
( P u n i t h a l i n g a m  1 9 7 4 ) .  T h i s  s u g g e s t s  t h a t  t h e  e s t a b l i s h m e n t  
o f  a f i x e d  n u c l e o - c y t o p l a s m i c  r e l a t i o n s h i p  i s  o n l y
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c o n t r o l l e d  l o o s e l y  w i t h i n  r a t h e r  wi d e  c o n t r o l  l i m i t s .
The  a l t e r a t i o n  i n  m o r p h o g e n e t i c  r e s p o n s e s  w i t h  
a l t e r e d  n u t r i t i o n  d o e s  n o t  i n v a l i d a t e  t h e  i n t e r a c t i v e  
mode 1 .
R e l e v a n t  t o  t h i s  a r e  t h e  o b s e r v a t i o n s  of  O a f f e  ( 1 9 8 1 )  
on e l e c t r i c a l  i n w a r d  c u r r e n t  f l o w  of  p o s i t i v e  c h a r g e s  
t h r o u g h  t h e  g r o w i n g  t i p s  of  p o l l e n  t u b e s  and  f u c o i d  e m b r y o s  
i . e .  a p o l a r  i n w a r d  f l o w  of  p r o t o n s  e x i s t s .  A s i m i l a r  
f l o w  h a s  b e e n  d e m o n s t r a t e d  i n  f u n g a l  h y p h a e  and  t h i s  h a s  
b e e n  c o r r e l a t e d  w i t h  pH d i f f e r e n c e s  i n  t h e  me d i um i mme d­
i a t e l y  s u r r o u n d i n g  a h y p h a .  I n  A c h j y a  (Gow/et^al 1 9 8 4 )  i t  
i s  s h o wn  t h a t  i n  t h e  a p i c a l  180  -  130  jum r e g i o n  of  t h e  t i p  
an  i n w a r d  f l o w  of  p r o t o n s  c a n  be d e m o n s t r a t e d  l e a d i n g  t o  
a l o w e r i n g  of  t h e  e x t e r n a l  c o n c e n t r a t i o n  of  a n d  s u b s e ­
q u e n t  r i s e  i n  pH.  P o s t - a p i c a l l y  t h e  medi um i s  a c i d  d ue  
t o  p r o t o n  r e l e a s e .  The d i f f e r e n c e s  a r e  s m a l l  0 . 0 1 - 0 . 0 6  
pH u n i t s .  A s s o c i a t e d  w i t h  t h i s  i s  a n  e l e c t r i c a l  c u r r e n t  
f l o w .  A s i t e  s c h e d u l e d  f o r  b r a n c h  i n i t i a t i o n  s h o ws  t h e  
s ame  phenomena  P o s t - a p i c a l  r e l e a s e  of  H i n t o  t h e  medi um 
i s  a s s o c i a t e d  w i t h  t h e  p l a s m a  membr ane  p r o t o n - p u m p i n g  ATP-  
a s e  s y s t e m .  The p r o t o n s  f l o w  i n t o  t h e  h y p h a l  t i p  by means  
of  a m i n o - a c i d  s y m p o r t .  C u r r e n t  f l o w  was  p r e v e n t e d  by 
w i t h d r a w i n g  a m i n o  a c i d s  f r o m  t h e  medi um o r  r a i s i n g  t h e  pH 
f r o m  p H 6 . 5 - 8 . 5 ;  h o w e v e r  r e c o v e r y  of  c u r r e n t  f l o w  o c u r r e d  
a f t e r  one  h o u r .  I n  p h o s p h a t e  d e f  i c i e n t  me d i a  b r a n c h i n g  
was  p r e v e n t e d .
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T h e s e  o b s e r v a t i o n s  s u g g e s t  t h a t  t h e  d i f f e r e n t i a l  
r e s p o n s e s  i n  S .  p i s t a c i a r u m  t o  h i s t i d i n e  was  p o s s i b l e  due  
t o  t h e  e s t a b l i s h m e n t  of  p r o t o n  f l o w  mor e  r a p i d l y  t h a n  i n  
a s p a r a g i n e  m e d i a .  The r e s p o n s e s  w i t h  o t h e r  a m i n o - a c i d s  
i n d i c a t i n g  d i f f e r e n t i a l  r e s p o n s e s .  Gow^et^al ( 1 9 8 4 )  i n d i ­
c a t e s  t h a t  m e t h i o n i n e  a s  a s i n g l e  a m i n o - a c i d  i n h i b i t s  
c u r r e n t  f l o w  i n  A c h l y a . The low l e v e l  of  l a t e r a l  f o r m a t i o n  
i n  p h o s p h a t e  d e f i c i e n t  me d i a  may be r e l a t e d  t o  t h e  f a i l u r e  
t o  me e t  t h e  i n t r a - h y p h a l  demand  f o r  p h o s p h a t e  i . e .  ATP 
r e q u i r e m e n t s  i n v o l v e d  i n  p r o t o n  f l o w  a r e  n o t  s a t i s f i e d ,  
r e s u l t i n g  i n  f a i l u r e  t o  i n i t i a t e  a l a t e r a l  g r o w t h  p o i n t .  
S i n c e  t h e  i n s e r t i o n  of  g e r m - t u b e s  i n  S .  p i s t a c i a r u m  c a n  
be p r e d i c t e d  a nd  t h e  i n d i v i d u a l  c e l l s  a l s o  e x h i b i t  
p o l a r i t y  i t  c o u l d  be p r e d i c t e d  ( i )  t h a t  t h e  c o n v e x  s i d e  
o f  a g e r m l i n g  wo u l d  show a h i g h e r  pH t h a n  t h e  c o n c a v e  
s i d e  a n d  ( i i )  t h a t  t h e  p o l e s  o f  t h e  c e l l s  w o u l d  show a 
h i g h e r  pH t h a n  t h e  c e n t r a l  r e g i o n  a nd  t h a t  t h i s  w o u l d  be  
e n h a n c e d  when  t h e  l a t e r a l s  a r e  i n s e r t e d .
The g r o w t h  of  a h y p h a l j a p e x  i s  c o n t r o l l e d  by t h e  c o ­
o r d i n a t e d  f l o w  o f  v e s i c l e s  t o  t h e  t i p  i . e .  a g a i n s t  t h e  
p r o t o n  f l o w ;  and  t h e  l o n g i t u d i n a l  o r i e n t a t i o n  o f  m i c r o ­
t u b u l e s  (GooHay 1 9 8 3 ) .  I n  a c e l l  s h o w i n g  l o c a l i s e d  g r o w t h  
i n w a r d  p r o t o n  f l o w  s h o u l d  be a s s o c i a t e d  w i t h  t h e  g r o w t h  
p o l e ;  a c e l l  s h o w i n g  d i f f u s e  g r o w t h  s h o u l d  s how no n e t  
f l o w .
6 . 7 .  I n v e s t i g a t i o n  o f  t h e  b a s i c  k i n e t i c s  of  s p o r e  g e r m i n ­
a t i o n  w e r e  c o m p l i c a t e d  by t h e  h e t e r o g e n o u s  n a t u r e  of  t h e  
s p o r e  s u s p e n s i o n .  The s p o r e  s u s p e n s i o n s  u s e d  w e r e  o b t a i n e d
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f r o m  t h e  s p o r e  o u t p u t  of  many p y c n i d i a  and  no e v i d e n c e  was  
o b t a i n e d  t o  e x p l o r e  i n t e r - p y c n i d i a 1 v a r i a t i o n .  I t  c o u l d  
be a s s u m e d  t h a t  l o c a l  v a r i a t i o n s  i n  n u t r i e n t  l e v e l s  wo u l d  
l e a d  t o  v a r i a t i o n s  i n  mean s p o r e  s i z e  b e t w e e n  p y c n i d i a .  
V a r i a t i o n  i n  s p o r e  s i z e  o f  S .  t r i t i c i  h a s  b e e n  s hown  t o  
v a r y  w i t h  t h e  s e a s o n  when g r o w n  on t h e  h o s t ,  s h o w i n g  a 
r e d u c t i o n  i n  l e n g t h  of  1 0 - 1 2  um b e t w e e n  t h e  S p r i n g  and  
Aut umn c o l l e c t i o n s  ( S h e a r e r  & W i l c o x s o n ) .  T h i s  p r o b a b l y  
r e f l e c t s  d i f f e r e n c e s  i n  t h e  n u t r i t i o n a l  s t a t u s  of  t h e  h o s t .  
T h i s  r e f l e c t s  t h e  g e n e r a l  o b s e r v a t i o n s  t h a t  s p o r e  s i z e  i s  
i n f l u e n c e d  by t h e  n u t r i t i o n a l  s t a t u s  of  t h e  medi um 
( W i l l i a m s  1 9 5 9 ) .  The c e l l s  v a r i e d  i n  l e n g t h ,  b u t  c e l l  
s i z e ,  t h o u g h  v a r i a b l e ,  s howe d  a s m a l l  d e v i a t i o n  a nd  t h u s  
c e l l  n u mb e r  v a r i e d  d i r e c t l y  w i t h  s p o r e  l e n g t h .  A l l  
m e a s u r e m e n t s  w h e t h e r  of  c e l l  l e n g t h  o r  s p o r e  v o l u m e  a r e  
p o p u l a t i o n  a v e r a g e s .  The d a t a  o b t a i n e d  f r o m  t h e  c o u l t e r  
c o u n t e r  i s  f r o m  a mi ni mum s a m p l e  of  5 x 10^  s p o r e s  and  
s h o ws  t h e  c o n s i d e r a b l e  v a r i a t i o n  w i t h i n  s p o r e  s u s p e n s i o n s .
I n  many c o n i d i a l  f u n g i  w i t h  s i m p l e  s m a l l  s p o r e s  e . g .  
A.  n i d u l a n s  ( 3 , 5  um d i a m )  t h e  v a r i a t i o n  i n  s p o r e  s i z e  i s  
s m a l l  a n d  s p o r e  g e r m i n a t i o n  t e n d s  t o  be  s y n c h r o n o u s  i n  
b e h a v i o u r  ( B a i n b r i d g e  I97T ) a t  l e a s t  f o r  f i r s t  t w o  or  t h r e e  
n u c l e a r  d i v i s i o n s .  S u s p e n s i o n s  of  t h e  a r t h r o s p o r e s  of  
G.  c a n d i d u m  show r e a s o n a b l e  s y n c h r o n i c i t y  ( P a r k  & R o b i n s o n  
1 9 7 0 )  e v e n  t h o u g h  t h e  p o p u l a t i o n  h a s  s p o r e s  w i t h  1 - 2 - 3  
n u c l e i  t h o u g h  t h e  m a j o r i t y  h a v e  on^y one  n u c l e u s .  I n  f u n g i  
w i t h  a l o n g  s w e l l i n g  p h a s e  b e f o r e  g e r m - t u b e  i n s e r t i o n ^  e . g .  
I n  t h e  a s c o s p o r e s  of  H. p u l v i n a t a  ( D i x o n  & S p e l l e r  1 9 8 3 )
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s y n c h r o n y  i s  l o s t  d u r i n g  t h e  t h r e e  r o u n d s  of  n u c l e a r  
d i v i s i o n  p r i o r  t o  g e r m - t u b e  p r o d u c t i o n ,  A l o s s  of  s y n c h ­
r o n y  c a n  a l s o  be s hown  by s l o w  g r o w i n g  o r g a n i s m s .  I n  
D. u n i n u c l e a t a  t h e  s m a l l  u n i n u c l e a t e  a s c o s p o r e  s e c r e t e s  
a c a p s u l e  d u r i n g  t h e  f i r s t  s t a g e  of  s p o r e  s w e l l i n g  and  
t h e  s p o r e  p o p u l a t i o n  s h o ws  p o o r  s y n c h r o n y  of  g e r m - t u b e  
i n s e r t i o n  a nd  g r o w t h  of  t h e  g e r m l i n g  4^ i x o n  & E l wy 1 9 8 5 ) .
The g r o w t h  of  m y c e l i a  and  t h e  f o r m a t i o n  of  c o l o n i e s  
i n v o l v e s  t h e  r e p l i c a t i o n  of  a b a s i c  g r o w t h  u n i t  ( T r i n e i
1 9 7 4 ) .  The c o - o r d i n a t e d  p r o c e s s  o f  h y p h a l  t i p  g r o w t h ,
i n s e r t i o n  of  l a t e r a l  b r a n c h e s ,  n u c l e a r  d i v i s i o n  a nd  
s e p t a t i o n  f o r m  a c y c l e  of  e v e n t s ,  t h e  d u p l i c a t i o n  c y c l e  
( T r i n c i  1 9 7 9 ) .  I n d i v i d u a l  h y p h a e  e x t e n d  l i n e a r l y  b u t  
g r o w t h  o f  t h e  w h o l e  m y c e l i u m  i s  e x p o n e n t i a l  ( T r i n c i  1 9 6 9 ) .  
The r e l a t i o n s h i p  b e t w e e n  t h e  l e n g t h  of  m y c e l i u m  a n d  t h e
nu mb e r  of  h y p h a l  t i p s  i s  t h e  h y p h a l  g r o w t h  u n i t  (HGU)
( C a l d w e l l  & T r i n c i  1 9 7 3 ) .  T h i s  r e p r e s e n t s  t h e  mean l e n g t h  
o f  h y p h a  r e q u i r e d  t o  s u p p o r t  h y p h a l  t i p  g r o w t h .  The H G U  
i n c r e a s e s  e x p o n e n t i a l l y  i m m e d i a t e l y  f o l l o w i n g  g e r m i n a t i o n ,  
o s c i l l a t e s  a s  b r a n c h e s  a r e  p r o d u c e d  and  s t a b i l i s e s  when 
t i p  p r o d u c t i o n  i s  c o n t i n u o u s .  The t o t a l  m y c e l i a l  l e n g t h  
and  n u mb e r  of  t i p s  show t h e  s ame  s p e c i f i c  r a t e  a n d  t h i s  
r a t e  i s  f o u n d  t o  be  e q u a l  t o  t h e  s p e c i f i c  g r o w t h  r a t e  d u r i n g  
e x p o n e n t i a l  g r o w t h  i n  l i q u i d  m e d i a .
I n  D.  u n i n u c l e a t a  t h e  e s t a b l i s h m e n t  of  t h e  b a s i c  
k i n e t i c s  i n v o l v e d  t h e  m e a s u r e m e n t s  of  m y c e l i a l  l e n g t h  and  
h y p h a l  t i p s  a s  a s a m p l e  of  young  g e r m l i n g s  g r o w i n g  on s e m i ­
s o l i d  m e d i a .  The a s y n c h r o n y  was  o v e r c o m e  by o v e r l a y i n g
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t h e  p l o t t e d  d a t a  of  one  m y c e l i u m  on t o  a n o t h e r  e t  s e q .  
u s i n g  one  c o n s t a n t  l e n g t h  a s  t h e  c r i t i c a l  o v e r l a y  p o i n t  
( D i x o n  & El wy 1 9 8 5 ) .
I n  S . p i s t a c i a r u m  i n d i v i d u a l  s p o r e  g e r m l i n g s  show 
i d e n t i c a l  s l o p e s  i f  t o t a l  m y c e l i a l  l e n g t h  i s  p l o t t e d  
a g a i n s t  t i m e  b u t  t h e  a b s o l u t e  v a l u e s  d u e  t o  a s y n c h r o n y  a r e  
d i f f e r e n t .  When t h e  d a t a  a r e  o v e r l a i d  t h e  v a l u e s  s t i l l  
show a c o n s i d e r a b l e  v a r i a t i o n  a b o u t  a t r e n d  l i n e .  The 
u s e  of  mean v a l u e s  h o w e v e r  p r o d u c e s  t h e  same t r e n d  l i n e s  
w i t h  t h e  a d d e d  c o n v e n i e n c e  t h a t  t h e  s l o p e  i s  e a s i l y  d e t e r ­
mi n e d  .
The e a r l y  s t a g e  of  g e r m i n a t i o n  i n  A.  n i d u l a n s  a nd  
G.  c a n d i d u m  show t h a t  g r o w t h  of  t h e  f i r s t  g e r m - t u b e  i s  
e x p o n e n t i a l  and  s l o w l y  b e c o m e s  a r i t h m e t i c  ( T r i n c i  1 9 7 4 ) .
I n  C a n d i d a  a l b i c a n s  d u r i n g  t h e  d i m o r p h i c  s h i f t  f r o m  yrhA t h e  
m o t h e r  c e l l  p r o d u c e s  a g e r m - t u b e  i n s t e a d  o f  a b u d .  T h i s  
g e r m - t u b e  s h o ws  a r i t h m e t i c  l i n e a r  g r o w t h  (Gow & Gooday  1 9 8 2 )  
a n d  s h o w s  t h a t  a y e a s t  c e l l  c a n n o t  be e q u a t e d  w i t h  a 
r e s t i n g  f u n g a l  s p o r e .
The p r e v i o u s  wo r k  h a s  b e e n  c o n f i n e d  t o  t h o s e  f u n g i  
w i t h  s i m p l e  s p o r e s .  I n  p h r a g m o s p o r e s  t h e r e  i s  t h e  c o m p l i ­
c a t i o n  of  s e v e r a l  c r o s s - w a l l s  and t h e  p r o p a g u l e  w i l l  
p r o d u c e  s e v e r a l  g e r m - t u b e s  t o g e t h e r .  I t  i s  a r e a s o n a b l e  
a s s u m p t i o n  t h a t  t h e  o v e r a l l  k i n e t i c s  o f  t h e  g e r m i n a t i n g  
p h r a g m o s p o r e  wo u l d  be s i m i l a r  t o  s i m p l e  s p o r e s  t h o u g h  
t h e r e  i s  no q u a n t i t a t i v e  e v i d e n c e  a v a i l a b l e .
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The d a t a  f o r  S . p i s t a c  i a r  u m s h o ws  an  o v e r a l l  r e s e m ­
b l a n c e  t o  t h e  s i m p l e  s p o r e  e x a m p l e s .  The e a r l y  s t a g e s  of  
g e r m i n a t i o n ,  up t o  15 h o u r s ,  s h o ws  no p a r a l l e l  w i t h  t h e  
b e h a v i o u r  of  s i m p l e  s p o r e s ;  s i n c e  a x i s  e l o n g a t i o n  a nd  
c e l l  d i v i s i o n  i s  t a k i n g  p l a c e  o n c e  g e r m - t u b e  p r o d u c t i o n  
h a s  b e e n  i n i t i a t e d ,  t h o u g h  t h e  s p e c i f i c  r a t e s  o f  h y p h a l  
l e n g t h  a n d  t i p  p r o d u c t i o n  a r e  n o t  e q u a l .  The r a t e  of  
t i p  p r o d u c t i o n  i s  l o w e r  t h a n  t h e  r a t e  f o r  h y p h a l  l e n g t h  
a n d  t h e  s l o p e  of  t h e  t wo  l i n e s  d i v e r g e .
The d i v e r g e n c e  may be due  t o  t h e  r e s p o n s e  of  t h e  
g e r m l i n g  t o  g r o w t h  t h r o u g h  an  a r e n a  w h i c h  h a s  a l r e a d y  
p r o d u c e d  n u t r i e n t  f o r  s p o r e  a x i s  g r o w t h  i . e .  G l l  e v e n t s  
f o l l o w  c o n s i d e r a b l e  GI e x p l o i t a t i o n  of  t h e  me d i um.  The 
d a t a  d o e s  n o t  a l l o w  a f i r m  c o n c l u s i o n  t o  be  d r a w n  w i t h  
r e g a r d  t o  m a t c h i n g  t h e  k i n e t i c  b e h a v i o u r  of  s i m p l e  s p o r e s  
w i t h  m u l t i s e p t a t e  s p o r e s .  A c o m p a r a t i v e  e x a m i n a t i o n  of  
t h e  k i n e t i c  b e h a v i o u r  of  p h r a g m o s p o r e s  i n  w h i c h  no a x i s  
d i v i s i o n  t a k e s  p l a c e  e . g .  F u s a r  ium s p p  a n d  C e r c o s p o r a s p p  
w o u l d  be r e v e a l i n g .
The HGU s h o we d  a v a l u e  b e t w e e n  3 0 - 6 0  jum a nd  t h i s  
c o m p a r e s  w i t h  v a l u e s  f o r  o t h e r  s e p t a t e  a s c o m y c e t e / h y p h o m y - 
c e t e  f u n g i  e . g .  A.  n i d u l a n s  160 pm,  G. c a n d i d u m  1 0 2 - 1 1 2  pm,  
P .  c h r y s o q e n u m  2 5 - 1 0 0  pm,  f J. c r a s s a  130  pm ( T r i n c i  1 9 7 4 ) .
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6 . 8 .  The c e l l s  o f  t h e  c o n i d i a  of  S e p t  o r  l a  s p p ,  a r e  
t y p i c a l l y  u n i n u c l e a t e  ( M a c N e i l l  1 9 5 0 ,  Shaw 1 9 5 3 ,  P u n i t h a -  
l i n g a m  19 6 7  ( 1 3 7 - 1 3 8 - 1 3 9 - 1 4 0 ) 0 . M . I . )  a s  a r e  t h e  c e l l s  o f  
t h e  s p o r e  o f  S .  p i s t a c i a r u m  a nd  GI e v e n t s  a l w a y s  i n v o l v e  
n u c l e a r  d i v i s i o n  a nd  t h e  m a i n t e n a n c e  of  a u n i n u c l e a t e  
c o n d i t i o n .  The f o r m a t i o n  of  a l a t e r a l  e i t h e r  a s  a g e r m -  
t u b e  o r  a s e c o n d a r y  s p o r e  l e a d s  t o  t h e  f o r m a t i o n  o f ,  i n  
t h e  f o r m e r  a u n i n u c l e a t e  m y c e l i u m  or  i n  t h e  l a t t e r  a 
m u l t  i c e  1 l u l a r  s e c o n d a r y  s p o r e  w i t h  u n i n u c l e a t e  c e l l s .
I n  t h e  s p o r e  s u b s e q u e n t  n u c l e a r  d i v i s i o n  and  s e p t a t i o n  
m a i n t a i n  t h e  u n i n u c l e a t e  s t a t u s  o f  e a c h  c e l l .  I n  o t h e r  
f u n g i  t h e  mos t  f r e q u e n t l y  o b s e r v e d  mode of  n u c l e a r  
b e h a v i o u r  d u r i n g  s p o r e  g e r m i n a t i o n  i s  t h e  c o i n c i d e n t a l  
f o r m a t i o n  of  t h e  g e r m - t u b e  a nd  t h e  d i v i s i o n  of  t h e  n u c l e u s /  
n u c l e i ,  a n d  i m m i g r a t i o n  o f  some of  t h e  d a u g h t e r  n u c l e i  
i n t o  t h e  g e r m - t u b e .  U n i n u c l e a t e  s p o r e s  i n  w h i c h  t h i s  
t a k e s  p l a c e  a r e  A s p e r g i l l u s  f u m i g a t u s  ( B a k e r  1 9 4 5 ) ,  
V e r t i c i l l i u m  s p p  (McGaV’v i e ^ ' I s a c c  1 9 6 8 ) ,  P é n i c i l l i u m  
g r i s e  o f u l v u m ( F l e t c h e r  1 9 6 9 )  and  m u l t i n u c l e a t e  s p o r e s  e . g .  
T r i c h o d e r m a  v i r i d e  ( R o s e n  e t  a l  1 9 7 4 ) ,  N e u r o s p o r a  c r a s s a  
( Loo  1 9 7 6 ) .
I n  t h e  p h r a g m o s p o r e  of  F u s a r i u m  o x y s p o r u m  e a c h  c e l l ^  
i s  u n i n u c l e a t e  and  n u c l e a r  d i v i s i o n  a nd  g e r m - t u b e  f o r m a ­
t i o n  f r o m  i n d i v i d u a l  c e l l s  of  t h e  s p o r e  s h o ws  t h e  same 
p h e n o m e n o n  ( K u m a r i  e t  a l  1 9 7 5 ) .  T h e r e  a r e  f e w o b s e r v a t i o n s  
of  f u n g i  i n  w h i c h  more  t h a n  one  d i v i s i o n  o f  t h e  n u c l e u s /
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n u c l e i  t a k e s  p l a c e  b e f o r e  g e r m - t u b e  i n s e r t i o n .  I n  t h e  
u n i n u c l e a t e  s p e c i e s  A s p e r g i l l u s  c l a v a t u s  2 - 6  n u c l e i  a r e  
p r o d u c e d  b e f o r e  g e r m - t u b e  i n i t i a t i o n  ( B a k e r  1 9 4 5 ) .  I n  
F u s a r i u m  c u l m o r u m  M a r c h a n t  ( 1 9 6 6 a )  s h o we d  t h a t  up t o  f o u r  
n u c l e i  a r e  p r o d u c e d  b e f o r e  g e r m - t u b e  i n s e r t i o n .  I n  t h e  
e p o r a n g i o s p o r e s  f o u n d  m t h e  W u c o r a l e s  e . g .  fflucor  
h i e m a l i s  ^ P h y c o m y c e s  b l a c k e s l e e a n u s  s e v e r a l  n u c l e a r  
d i v i s i o n s  o c c u r  b e f o r e  g e r m - t u b e  i n s e r t i o n  i r r e s p e c t i v e  
o f  w h e t h e r  t h e  s p o r e s  a r e  u n i n u c l e a t e  e . g .  M. h i e m a l i s  or  
m u l t i n u c l e a t e  e . g .  P .  b l a c k e s l e e a n u s  ( Ro b i n o w 1 9 5 7 ) .  I n  
mu I t i n u c l e  a t e  s i m p l e  s p o r e d  h y p h o m y c e t e  f u n g i  d i v i s i o n  
o c c u r s  p r i o r  t o  g e r m - t u b e  i n s e r t i o n  i n  A s p e r g  i l l u s  
e c h i n u l a t a , k—  8,  ( B a k e r  1 9 4 5 ) ;  i n  t h e  A c r e m o n i u m  t y p e  
o f  c o n i d i a  of  H y p o c r e a  p u l v i n a t a  2 - 3  8 - 1 2 ,  ( D i x o n  &
S p e l l e r  1 9 8 3 ) .  I n  M o n i l i a  f r u c t i c o l a  g e r m - t u b e  p r o d u c t i o n  
o c c u r s  b e f o r e  n u c l e a r  d i v i s i o n  ( H a l l  1 9 6 3 )  and  o n l y  
i n v o l v e s  t h e  m i g r a t i o n  of  2 - 3  n u c l e i  f r o m  t h e  m u l t i -  
n u c l e a t e  s p o r e .  Howe ve r  t h i s  i s  f o l l o w e d  by s y n c h r o n o u s  
d i v i s i o n  o f  t h e  n u c l e i  and  f u t h e r  m i g r a t i o n  a s  t h e  g e r m -  
t u b e  e l o n g a t e s .
The GI e v e n t s  i n  S .  p i s t a c i a r u m  c a n  be e q u a t e d  w i t h  
t h e  d i v i s i o n s  i n  u n i n u c l e a t e  s p o r e s ,  i n  w h i c h  s e v e r a l  
r o u n d s  o f  d i v i s i o n  o c c u r  and  t h e  o b s e r v a t i o n  of  n u c l e a r  
d i v i s i o n  a nd  n u c l e a r  m i g r a t i o n  show t h a t  g e r m - t u b e  and  
n u c l e a r  d i v i s i o n  a r e  a s s o c i a t e d  b u t  t h e r e  i s  a w i d e  
r a n g e  o f  g e r m - t u b e  s i z e  a c h i e v e d  b e f o r e  t h e  n u c l e i  
d i v i d e d .  T h i s  c o n t r a s t s  w i t h  t h e  o b s e r v a t i o n  o f  s p o r e  
g e r m i n a t i o n  i n  A. n i d u l a n s  ( C l u t t e r b u c k  1 9 6 9 ,  F i d d y  &
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T r i n c i  1 9 7 6 ) ,  P h y t o p h t h o r a  d r e c h s l e r i  ( H o o l y  e t  a l  1 9 8 2 ) ,  
H y p o c r e a  p u l v i n a t a  ( D i x o n  & S p e l l e r  1 9 8 3 )  i n  w h i c h  a 
c o n s t a n t  r e l a t i o n s h i p  was o b s e r v e d  b e t w e e n  t h e  c y t o p l a s m i c  
v o l u m e  a nd  n u c l e a r  d i v i s i o n .
The u n i n u c l e a t e  m y c e l i u m  i s  s i m i l a r  t o  s p e c i e s  of  
V e r t  i c  i l l i u m  ( M c G a r v i e  & I s a a c  1 9 6 6 )  ( P u h a l l a  & M a y f i e l d  
1 9 7 4 ) ,  F u s a r i u m  o x y s p o r u m  ( B u x t o n  1 9 5 4 ) ,  F . Cu l mo r u m 
( P u n i t h a l i n g a m  1 9 7 2 ) .
I n  t h e  m y c e l i u m  of  V e r t  i c  i l i u m , F . o x y s p o r u m ,
F . c u l m o r u m  some m u l t i n u c l e a t e  c e l l s  h a v e  b e e n  o b s e r v e d  
b u t  t h e  s p a c i n g  a nd  f r e q u e n c y  n e e d s  t o  be r e - e x a m i n e d
p a r t i c u l a r l y  i n  F u s a r  i um s p p .  I t  i s  a s s u m e d  f r o m  t h e
o b s e r v a t i o n s  on S .  p i s t a c i a r u m  t h a t  t h e  m y c e l i u m  o f
S e p t  o r  i a  s p p  i s  u n i n u c l e a t e  a s  a l s o  s hown f o r  S .  t r i c i t i
( P u n i t h a l i n g a m  1 9 7 4 ) .
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6 . 9 .  l i g h t  m i c r o s c o p i c  s t u d i e s  w e r e  s u p p l e m e n t e d  by
a s t u d y  of  t h e  u l t r a s t r u c t u r e  of  t h e  s p o r e  i n  an  a t t e m p t  
t o  l o c a t e  f e a t u r e s  w h i c h  m i g h t  r e f l e c t  t h e  d i f f e r e n t  
p o l a r i t i e s  w h i c h  w e r e  p r e d i c t e d  by t h e  i n t e r a c t i v e  m o d e l ;  
a l s o  t o  r e l a t e  t h e  f i n e  s t r u c t u r e  t o  o t h e r  s i m p l e  and  
s e p t a t e  s p o r e  t y p e s .
The f i x a t i o n  of  t h e  r e s t i n g  s p o r e  was  p o o r .  T h i s  
i s  a common f e a t u r e  f o u n d  by o t h e r  w o r k e r s  a nd  mus t  be 
r e l a t e d  t o  t h e  s 1 owjpe n e t r  a t  i o n  of  t h e  f i x a t i v e  t h r o u g h  
t h e  s p o r e  w a l l .  S h a k i n g  w i t h  g l a s s '  b e a d s  t o  c r a c k  t h e  
s p o r e  p r i o r  t o  f i x a t i o n  ( G r e e n h a l g h  & E v a n s  1 9 7 1 )  d i d  
n o t  e f f e c t  a ny  i m p r o v e m e n t  and  o b s e r v a t i o n s  of  i n t e r n a l  
s t r u c t u r e s  w e r e  p e r f o r c e  l i m i t e d .
The c o n i d i a l  w a l l  r e s o l v e d  i n t o  t wo  c l e a r l y  d e f i n e d  
z o n e s ,  a n  o u t e r  l a y e r  0 ,  an i n n e r  l a y e r  I .  The o u t e r  
l a y e r  was  more  e l e c t r o n - d e n s e  t h a n  t h e  i n n e r .  I n  some 
s e c t i o n s  i t  was  p o s s i b l e  t o  i d e n t i f y  a n  e l e c t r o n - d e n s e  
f i n e  d e m a r c a t i o n  z o n e  w h i c h  d i v i d e d  t h e  i n n e r  l a y e r ,  1 ,  
i n t o  t w o  I ^  a n d  I ^ . T h i s  l a y e r e d  a p p e a r a n c e  of  s p o r e  
w a l l s  i n t o  2 - 3 - 4  l a y e r s  i s  t h e  common o b s e r v a t i o n  and  i s  
r e l a t e d  t o  t h e  mode of  c o n i d i o g e n e s i s  i . e .  t o  t h e  numbe r  
of  l a y e r s  i n  t h e  w a l l  of  t h e  c o n i d i o g e n o u s  c e l l  and  
w h e t h e r  t h e  s p o r e  i s  h o l o b l a s t i c  or  e n t e r  o b l a s t i c  i n  
o r i g i n ,  a n d  w h e t h e r  a d d i t i o n a l  l a y e r s  a r e  l a i d  down d u r i n g  
s p o r e  m a t u r a t i o n .
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The h y p h a l  w a l l  o f  many h y p h o m y c e t e  f u n g i ,  w i t h  a s c o m y c e t e  
c o n n e c t i o n s ,  r e s o l v e s  i n t o  t wo  l a y e r s  w i t h  t h e  i n n e r  
l a y e r  b e i n g  c o m p o s e d  of  t w o .  T h e s e  w o u l d  c o r r e s p o n d  t o  
t h e  t h r e e  l a y e r s  d e m o n s t r a t e d  i n  N.  c r a s s a  a s  g l u c a n /  
g l u c a n  p r o t e i n / c h i t  i n  ( H u n s l e y  & B u r n e t t  1 9 7 0 ) .  H o l o ­
b l a s t i c  c o n i d i a  a r e  d e r i v e d  f r o m  a l l  w a l l  l a y e r s  a nd  
e n t e r  o b l a s t i c  c o n i d i a  f r o m  t h e  i n n e r  l a y e r  ( K e n d r i c k  1 9 7 1 ,  
C o l e  & S a mp s o n  1 9 7 9 ,  S u t t o n ,  1 9 8 0 ,  W i n t e r  e t  a l  1 9 8 2 ) .
The w a l l  o f  t h e  s i m p l e  c o n i d  ium of  B o t r y t i s  c i n  e r e a  h a s  
t wo  c l e a r l y  d e f i n e d  z o n e s  D1 and  02 ( G u l l  & T r i n c i  1 9 7 1 ) ,  
t h e  a r t  h r o c o n  i d i a  of  G e o t r i c h u m  c a n d i d u m  h a s  t h r e e  l a y e r s ,  
t wo  d e r i v e d  f r o m  t h e  h y p h a l  w a l l  and  o ne  i n n e r  c o n i d i a l  
w a l l .  I n  F u s a r i u m  c u l m o r u m  t h e  w a l l  h a s  t h r e e  z o n e s ,  
when  f i x e d  w i t h  p e r m a n g a n a t e ,  a c e n t r a l  e l e c t r o n - d e n s e  
z o n e  w i t h  a l e s s  d e n s e  l a y e r  on e a c h  s i d e  ( M a r c h a n t  1 9 6 6 )  
a n d  i n  F . s u l p h u r e u m  t h e  w a l l  s h o ws  o n l y  t wo  l a y e r s  w i t h  
g l u t a r a I d e h y d e / o s m i u m  f i x a t i o n ,  b u t  i f  t h e  c o n i d i u m  i s  
p r e t r e a t e d  w i t h  KOH t h e  w a l l  s h o ws  t h r e e  l a y e r s  ( S c h n e i d e r  
& W a r d r o p  1 9 7 9 ) .  The i n t e r p r e t a t i o n  of  t h e  w a l l  l a y e r s  
i s  c l e a r l y  s e e n  i n  t h e  r e g i o n s  a d j a c e n t  t o  a c r o s s - w a l l .
I n  t h e  r e c e n t  w o r k  on c o n i d i a l  and  h y p h a l  w a l l  s t r u c t u r e  
i n  S .  n o d o r u m  ( K a r j a l a i n e n  & L o u n a t m a a  1 9 8 4 )  t h e  c o n i d i a l  
w a l l  was  c o m p o s e d  of  t wo  l a y e r s ,  an  e l e c t r o n - d e n s e  o u t e r  
l a y e r  a n d  a n  i n n e r  t r a n s p a r e n t  l a y e r .  The a u t h o r ' s  i l l u s ­
t r a t i o n s  show an  o u t e r  c o a t i n g  w h i c h ,  i n  TEM s e c t i o n s  
s h o we d  a n  a m o r p h o u s  l a y e r .  I n  f r e e z e - e t c h e d  s u r f a c e  
p r e p a r a t i o n s  t h i s  was  i n t e r p r e t e d  a s  a f i b r i l l a r  l a y e r
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w h i c h  was  p e r h a p s  a s s o c i a t e d  w i t h  a t t a c h m e n t  i n  t h e  h o s t .  
The h y p h a l  w a l l  was  a l s o  d e s c r i b e d  a s  h a v i n g  t w o  l a y e r s ,  
b u t  c a n  be  i n t e r p r e t e d  i n  t wo  w a y s .  F i g  44  A & B1 & B 2 ,
B1 s h o w s  an  o u t e r  f i b r o u s  l a y e r  w i t h  t h r e e  w a l l  l a y e r s ,  
w i t h  e l e c t r o n - d e n s e  m a t e r i a l  d e m a r c a t i n g  t h e  s e c o n d  a nd  
t h i r d  l a y e r .  I n  B2 t h e  e l e c t r o n - d e n s e  m a t e r i a l  i s  
r e g a r d e d  a s  a d i s t i n c t  l a y e r  and  t h e  w a l l  h a s  f o u r  l a y e r s .  
The a u t h o r s  i n t e r p r e t  B1 l a y e r s  1 a nd  2 a s  a s i n g l e  l a y e r ,  
g i v i n g  a t wo  l a y e r e d  w a l l .  The a u t h o r s  a t t e m p t  t o  c l a r i f y  
t h e  i n t e r p r e t a t i o n  by f r e e z e  f r a c t u r e  d i d  n o t  c l e a r l y  
d e f i n e  mor e  t h a n  t wo  l a y e r s .  An a l t e r n a t i v e  a p p r o a c h  
w o u l d  be t o  u s e  s e q u e n t i a l  e nz yme  s t r i p p i n g  ( H u n s l e y  & 
B u r n e t t  1 9 7 0 )  or  a l k a l i  s o f t e n i n g / s t r i p p i n g  w h i c h  m i g h t  
c l a r i f y  t h e  n a t u r e  of  t h e  e l e c t r o n - d e n s e  d e m a r c a t i o n  z o n e .
I n  o r d e r  t o  a v o i d  t h e  p r o b l e m  o f  l a y e r  i n t e r p r e t a t i o n  
i t  h a s  b e e n  s u g g e s t e d  ( G r i f f i t h s  1 973a  & b)  t h a t  u n l e s s  
f i b r i l l a r  o r g a n i s t  i o n  i s  known i t  i s  more  c o n v e n i e n t  t o  
u s e  t h e  t e r m  ' z o n e '  and  r e j e c t  osmo.  p h i l i c - f  v  ^ “ d e m a r -  
c a t i o n  r e g i o n s  a s  d i s t i n c t  l a y e r s .
The ma i n  p r o b l e m  i n  w a l l  z o n e  o r  l a y e r  i n t e r p r e t a t i o n  
i s  c a u s e d  by t h e  p r e p a r a t i o n  of  t h e  m a t e r i a l .  Howard  &
A i s t  ( 1 9 7 9 )  s h o we d  t h a t  i n  t h e  h y p h a e  of  F u s a r i u m  
a c u m i n a t u m  t h e  w a l l  r e s o l v e d  a s  t wo  l a y e r s  w i t h  c o n v e n ­
t i o n a l  f i x a t i o n ,  b u t  r e s o l v e d  a s  f o u r  l a y e r s  w i t h  f r e e ^ ^ e -  
s u b s t  i t u t  i o n  .
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B1 B2
F i g  44  I n t e r p r e t a t i o n  o f  t h e  l a y e r s  i n  TEN me d i a n
s e c t i o n s  o f  t h e  w a l l  of  A,  t h e  p y c n i d i o s p o r e  
a n d  B1 & B2 h y p h a  of  S e p t o r i a  n o d o r u m ( r e d r a w n  
f r o m  K a r j a l a i n e n  & L o u n a t m a a  1 9 8 4 ) .
f  -  f i b r o u s  l a y e r  
1 - 4  -  w a l l  l a y e r s  
p -  p l a s m a l e m m a .
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The p o o r  f i x a t i o n  o f  t h e  c o n i d i u m  of  S . p i s t a c i a r u m  
a l l o w e d  o n l y  a l i m i t e d  i n t e r p r e t a t i o n  of  t h e  numbe r  and  
s t a t e  o f  t h e  o r g a n e l l e s .  The i n d i v i d u a l  c e l l s  o f  t h e  
s p o r e ,  e a c h  c o n t a i n e d  a s i n g l e  n u c l e u s ;  t h e  mos t  a b u n d a n t  
f e a t u r e  was  t h e  l a r g e  n umbe r  of  l i p i d  b o d i e s .  T h e s e  w e r e  
d i s t r i b u t e d  t h r o u g h o u t  t h e  c y t o p l a s m ,  i n  c o n t r a s t  t o  
F . c u l morum w h e r e  t h e  l i p i d  b o d i e s  w e r e  p e r i p h e r a l  
( M a r c h a n t  1 9 6 6 )  b u t  s i m i l a r  t o  S .  n o d o r u m ( K a r j a l a i n e n  & 
L o u n a t m a a  1 9 8 4 ) .  The d i s t r i b u t i o n  of  l i p i d  was  t h e  same 
i n  a l l  c e l l s ,  a f e a t u r e  s hown by F . c u l m o r u m  ( M a r c h a n t  
1 9 6 6 ) ,  F .  s u l p h u r e u m  ( S c h n e i d e r  & Wa r d r o p  1 9 7 9 )  and  
D i p l o d i a  m a y d i s  ( Mu r p h y  e t  a l  1 9 7 6 ) .  V a c u o l e s  w e r e  f ew 
i n  nu mb e r  a nd  i r r e g u l a r  i n  s h a p e  a nd  s i z e ,  a g a i n  s i m i l a r  
t o  F . c u l m o r u m  a nd  S .  n o d o r u m .
The s e p t u m  s e p a r a t i n g  e a c h  c e l l  was  p e r f o r a t e  w i t h  
a s s o c i a t e d  p l u g g i n g  Wo r o n i n  b o d i e s .  T h i s  c o n d i t i o n  i s  a 
c h a r a c t e r i s t i c  f e a t u r e  o f  s e p t a t i o n  i n  m u l t i s e p t a t e  e u s e p -  
t a t e  c o n i d i a  ( C o l e  & Sams on  1 9 7 9 )  w h e r e  t h e  p e r f o r a t i o n s  
i n  t h e  s e p t a  r e m a i n  o p e n  u n t i l  s p o r e  m a t u r a t i o n .
Wi t h  t h e  o n s e t  of  s w e l l i n g  t h e  mo s t  o b v i o u s  u l t r a ­
s t r u c t u r e  w a l l  c h a n g e s  o c u r r e d  a d j a c e n t  t o  t h e  p r i m a r y  
c r o s s - w a l l s .  As t h e  s p o r e  s w e l l e d  t h e  a p p a r e n t  e u s e p t -  
a t i o n  a p p e a r e d  t o  c h a n g e  t o  d 1 s t o s e p t a t i o n  ( L u t t r e l l  1 9 6 3 )  
w i t h  a c l e a r  s e p a r a t i o n  of  t h e  o u t e r  a nd  i n n e r  w a l l  l a y e r s  
and  t h e  d e v e l o p m e n t  of  a r e g i o n  o f  a m o r p h o u s  m a t e r i a l ,  
w h i c h ,  i n  m e d i a n  s e c t i o n  a p p e a r e d  t r i a n g u l a r .  T h i s  may 
r e p r e s e n t  a n  a n n u l a r  z o n e  o f  l y s i s  w h i c h  wo u l d  r e d u c e  t h e
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r i g i d i t y  o f  t h e  s p o r e  a n d  a l l o w  b e d i n g  t o  o c c u r  a t  t h e  
p r i m a r y  s e p t u m .  ( F i g  4 5 ) .
CB
F i g  4 5 D e v e l o p m e n t  o f  a l y t i c  z o n e  LZ a t  t h e  p r i m a r y
s e p t u m  d u r i n g  g e r m i n a t i o n .
A u n g e r m i n a t e d  s p o r e  
B s w o l l e n  s p o r e  w i t h  l y t i c  z o n e  LZ 
C s w o l l e n  s p o r e  w i t h  a x i s  c u r v a t u r e .
( a r r o w  r e p r e s e n t s  t h e  d i r e c t i o n  of  s p o r e  a x i s ) .
The p r o n o u n c e d  b e n d i n g  a t  e a c h  p r i m a r y  s e p t u m  i s
a l w a y s  a s s o c i a t e d  w i t h  e n h a n c e d  g r o w t h  of  t h e  c e l l  w a l l  
on t h e  c o n v e x  s i d e  o f  t h e  b a s i c  c u r v a t u r e  o f  t h e  s p o r e .
A s i m i l a r  r e s p o n s e  a t  t h e  s e p t a  i n  o t h e r  S e p t  or  i a  s pp
w o u l d  be  e x p e c t e d .
The  i n s e r t i o n  of  s e c o n d a r y  s e p t a  i n  t h e  g e r m i n a t i n g  
( G I )  s p o r e  s h o we d  t h a t  t h e  STXgtum was  d e r i v e d  f r o m  t h e  
i n n e r m o s t  w a l l  l a y e r ,  g r e w c e n t r i p e t a l l y  and p r e s e n t e d  i n  
t h e  y o u n g  p h a s e  a t y p i c a l  u n d u l a t e  p r o f i l e .  T h i s  was  
c o n s i s t e n t  w i t h  t h e  d e v e l o p m e n t  of  s e p t a  i n  h y p h a e  of  many
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o t h e r  f u n g i .  I f  t h e  i n n e r m o s t  w a l l  was  c h i t  i n  t h e n  t h e  
s e p t u m  w i l l  e s s e n t i a l l y  r e s e m b l e  t h e  s e p t u m  o f  N.  c r a s s a  
( H u n s l e y  & Gooda y  1 9 7 4 ,  C o l e  & Sa ms o n  1 9 7 9 ) .
I n  t h e  e a r l y  s t a g e  W o r o n i n  b o d i e s  a r e  a s s o c i a t e d  
w i t h  t h e  c e n t r a l  p e r f o r a t i o n  a s  i n  F . O x y s p o r u m  ( W e r g i n
1 9 7 3 )  .
A f e a t u r e  o f  t h e  o u t e r  l a y e r  of  t h e  w a l l  o f  t h e  
s w o l l e n  s p o r e  i s  t h e  u n e v e n  e l e c t r o n - d e n s i t y s h o wn  i n  
some m i c r o g r a p h s .  T h i s  may r e p r e s e n t  new m a t e r i a l  b e i n g  
i n s e r t e d  i n t o  t h e  e x t e n d i n g  c e l l  w a l l  o r  c h a n g e  i n  
e l e c t r o n - d e n s i t y  a s  t h e  w a l l  was  s t r e t c h e d .
To l o c a t e  t h e  c e n t r e s  o f  a x i s  g r o w t h  f l u o r e s c e n t  
b r i g h t e n e r s  w e r e  u s e d ,  w h i c h  c o m p l e x  w i t h  w a l l  p o l y s a c ­
c h a r i d e s  a n d  g i v e  e n h a n c e d  f l u o r e s c e n c e  i n  r e g i o n s  o f  
a c t i v e  s y n t h e s i s  ( P r e e c e  1 9 7 1 ) .
P h o t i n e  a n d  T i n o p a l  w e r e  u s e d  i n  t h e  p r e s e n t  s t u d y  
a n d  b o t h  s t a i n s  s h o we d  t h a t  t h o u g h  t h e  w h o l e  s p o r e  w a l l  
g a v e  a g e n e r a l i s e d  f l u o r e s c e n c e  i t  was  p o s s i b l e  t o  d e t e c t  
s l i g h t l y  e n h a n c e d  b r i g h t n e s s  a t  t h e  p o l e s  o f  t h e  c e l l ;  
a l l  t h e  c r o s s - w a l l s  f l u o r e s c e d  b r i g h t l y ,  a c h a r a c t e r i s t i c  
f e a t u r e  of  f u n g a l  h y p h a e  b o t h  young  a nd  m a t u r e  ( D i x o n  
p e r s  c o mm) .  C e l l s  w h i c h  w e r e  p r o d u c i n g  l a t e r a l s  ( G I I )  
f l u o r e s c e d  b r i g h t l y  e i t h e r  t h e  w h o l e  c e l l ,  o r  a d i s c ­
s h a p e d  z o n e  a d j a c e n t  t o  t h e  s e p t u m .
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To f u r t h e r  d i f f e r e n t i a t e  p o s s i b l e  a r e a s  of  e n h a n c e d  
p o l y s a c c h a r i d e  s y n t h e s i s ,  r u t h e n i u m  r e d  (RR) was  u s e d  a s  
a n  i n d i c a t o r  of  a c i d i c  p o l y s a c c h a r i d e s  ( L u f t  1 9 7 1 ) .  RR 
h a s  b e e n  u s e d  s u c c e s s f u l l y  t o  l o c a t e  t h e  s e c r e t i o n  a nd  
n a t u r e  o f  e x t r a c e l l u l a r  c a p s u l a r  l a y e r s  i n  v a r i o u s  
b a c t e r i a  ( C a g l e  e t  a l  1 9 7 2 )  a nd  t h e  c a p s u l e  o f  D.  u n i - 
n u c l e a t a  ( E l wy  1 9 8 0 ) .  When RR was  u s e d  a s  a p r e f i x a t i o n  
t r e a t m e n t  i n  S .  p i s t a c i a r u m  RR + v e  m a t e r i a l  was  i d e n t i ­
f i e d  a s  d i s c r e t e  i s l e t s  of  m a t e r i a l  d i s p e n s e d  a r o u n d  t h e  
p e r i p h e r y  of  t h e  c e l l  a t  t h e  c e l l  w a 1 1 / p l a s m a l e m m a  i n t e r ­
f a c e .  I t  a p p e a r e d  t h a t  t h e  m a t e r i a l  was  f i r s t  s e c r e t e d  
w i t h i n  t h e  c y t o p l a s m  a nd  t h e n  e x p o r t e d  i n t o  l a y e r  of  
t h e  w a l l  ( F i g  46 A ) .  The  f a t e  of  t h e  m a t e r i a l  was  n o t  
d e t e r m i n e d  b u t  c o u l d  r e p r e s e n t  l o c a l  a c c u m u l a t i o n s  w h i c h  
e v e n t u a l l y  d i s p e r s e  a t  t h e  s u r f a c e  o f  t h e  0 l a y e r  t o  
g i v e  e x t e r n a l  RR + ve  f i b r i l s .  When RR was  i n c o r p o r a t e d  
a s  a p e s t  p e r r n a n g a t e  f i x a t i o n  t r e a t m e n t  t h e  o u t e r  l a y e r  
of  t h e  w a l l  s t a i n e d  d e n s e l y  b u t  i n  i r r e g u l a r  s m a l l  p a t c h e s ,  
b u t  n o  c l e a r  i s l e t s  of  RR + ve  m a t e r i a l  was  o b s e r v e d  ( F i g  
46 B ) .
R e g i o n s  o f  t h e  w a l l  i n  w h i c h  t h e  i n i t i a t i o n  o f  a 
c r o s s - w a l l  c o u l d  be  p r e d i c t e d  s h o we d  a d i f f u s e  z o n e  of  
RR + v e  m a t e r i a l .  I n  t h e  p e r m a n g a n a t e  f i x e d  m a t e r i a l  t h e  
me mb r a n e  b o u n d  o r g a n e l l e s  a nd  e n d o p l a s m i c  v e t i c u l u m  w e r e  








F i g  46 D i s t r i b u t i o n  of  Ruthenium r ed  (RR) +ve ma t e r i a l  in t he
wal l  o f  S.  p i s t a c i a r u m .
A RR —^  Glut /OsO^ t r e a t m e n t
b KMNC, -—V* RR t r e a t m e n t  4
0 - o u t e r  l a y e r
1 = i n n e r  l a y e r
PH = plasmalemma
DI = d i s c r e t e  i s l e t s  
The  p r e s e r v a t i o n  o f  i n t e r n a l  o r g a n e l l e s  was  i m p r o v e d  
a s  g e r m i n a t i o n  b e g a n .  Wi t h  p e r m a n g a n a t e  f i x a t i o n  t h e  
me mb r a n e  b o u n d  o r g a n e l l e s  s h o w e d  t h e  e x p e c t e d  s t r u c t u r e ,  
t h e  m i t o c h o n d r i a  s h o we d  c l e a r  c r i s t a e ,  t h e  e n d o p l a s m i c  
r e t i c u l u m  i n c r e a s e d  i n  a m o u n t ,  i n d i v i d u a l  v a c u o l e s  i n c r e a s e d  
i n  n u m b e r  and  s h o we d  a mor e  r e g u l a r  p r o f i l e .  I n  g l u t a r -  
a I d e h y d e / o s m i u m  f i x a t i o n  p r e s e r v a t i o n  of  o r g a n e l l e s  a l l o w e d  
t h e i r  i d e n t i f i c a t i o n  and  l o c a t i o n  b u t  t h e  TEN i m a g e s  
w e r e  of  low c o n t r a s t .  The d é f i c i e n c e s  of  b o t h  t e c h n i q u e s  
d i d  n o t  a l l o w  c l e a r  i d e n t i f i c a t i o n  of  l o c a l  v e s i c l e  
c o n c e n t r a t i o n s  i n  a r e a s  of  t h e  c e l l  w h e r e  t h e s e  w e r e  
p r e d i c t e d  t o  be  by t h e  i n t e r a c t i v e  m o d e l .  The g r o w t h  of
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h y p h a l  a n d  s p o r e  w a l l s  by t h e  a c r e t i o n  of  v e s i c l e - b o u n d  
m a t e r i a l  b e i n g  t r a n s p o r t e d  t o  r e g i o n s  of  g r o w t h  ( B a r t n i k i  
- G a r c i a  1 9 7 3 )  wa s  a s s u m e d  t o  be  v a l i d  f o r  t h e  mo d e l  a n d  
i t  i s  u n e q u i v o c a l  t h a t  i n  h y p h a e  t h e  a p i c a l  c l u s t e r  of  
v e s i c l e s  i s  i n v o l v e d  i n  a p i c a l  g r o w t h  ( Go o d a y  1 9 8 3 ) .
T h i s  c l u s t e r  i s  p r e s e n t  i n  g r o w i n g  h y p h a e  a n d  a b s e n t  i n  
n o n - g r o w i n g  h y p h a e .  The  d e f i n i t i v e  w o r k  o f  Ho wa r d  
a nd  A i s t  ( 1 9 8 0 )  on t h e  h y p h a l  t i p  of  F u s a r i u m  a c u m i n a t u m  
s h o w s  a n  a p i c a l  c l u s t e r  of  v e s i c l e s  7 0 - 9 0  mm i n  d i a m e t e r  
e n c l o s i n g  a c l u s t e r  o f  m i c r o v e s i c l e s ,  30mm d i a m e t e r  a n d  
m i c r o t u b u l e s  a n d  s u b t e n d i n g  a d e n s e  c l u s t e r  o f  r i b o s o m e s .  
T h i s  a p i c a l  a g g r e g a t i o n  i s  t h e  " s p i t z e n k o r p e r "  o f  G i r b a r d t  
( 1 9 6 9 )  a n d  t h e  s e q u e n c e  o f  e v e n t  l e a d i n g  t o  h y p h a l  g r o w t h  
s u g g e s t s  t h a t  v e s i c l e s  a r e  d e r i v e d  f r o m  p o r t - a p i c a l  
d i c t y o s o m e s ,  m i g r a t e  t o  t h e  a p e x  a nd  f u s e  w i t h  t h e  p l a s m a  
m e m b r a n e .  The  c o n t e n t s  o f  t h e  v e s i c l e s  c o n t a i n  m a t r i x  
m a t e r i a l ,  e n z y m e s  f o r  m a i n t a i n i n g  w a l l  e l a s t i c i t y  a nd  
p o l y m e r a s e s  ( B a r t n i k i - G a r c i a ) .  The o n l y  v e s i c l e - l i k e  
s t r u c t u r e s  w e r e  f o u n d  i n  t h e  t i p s  o f  l a t e r a l  ( G I I )  
s e c o n d a r y  c o n i d i a .  M i c r o t u b u l e s  we r e  n o t  v i s u a l i s e d .
The  w o r k  o f  Howa r d  & A i s t  ( 1 9 8 0 )  s h o ws  t h a t  f r e e z e  
s u b s t i t u t i o n  w o u l d  be  a p r e f e r e d  t e c h n i q u e  t o  r e v e a l  
v e s i c l e  a n d  m i c r o t u b u l e  d i s t r i b u t i o n s .  An a d d i t i o n a l  
t e c h n i q u e  t o  d e t e c t  r e g i o n s  o f  e n h a n c e d  w a l l  s y n t h e s i s  
w o u l d  b e  t h e  u s e  o f  a p u l s e  o f  l a b e l l e d  w a l l  p r e c u r s o r s  
a d d e d  t o  g e r m i n a t i n g  s p o r e s ,  f o l l o w e d  by a u t o r a d i o g r a p h y .  
The  m a t e r i a l s  s e l e c t e d  c o u l d  be  3^ g l u c o s e  t o  s how a p i c a l
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or  p o l a r i s e d  i n c o r p o r a t i o n  or  N- ( ) - a c e t y / g l u e  o s a  mi ne  t o  
show s e p t a l  i n c o r p o r a t i o n  ( Go o d a y  1 9 7 1 ,  H u n s l e y  & Gooda y
1 9 7 4 ) .  C o u n t s  o f  s i l v e r  g r a i n s  a n d  e s t i m a t e s  o f  t h e  
d i s t r i b u t i o n  a n d  n u m b e r s  o f  v e s i c l e s  w o u l d  e n a b l e  some 
p a r a m e t e r s  t o  be  a d d e d  t o  t h e  m o d e l .  S u c h  e s t i m a t e s  h a v e  
b e e n  made f o r  h y p h a l  g r o w t h  i n  N . c r a s s a  a nd  P é n i c i l l i u m  
c h r y s o q e n u m  i n  t h e  f o r m e r  3 8 , 0 0 0  v e s i c l e s / m i n  f u s e d  w i t h  
t h e  p l a s m a  m e m b r a n e ,  i n  t h e  l a t t e r  o n l y  4 8 0  ( C o l l i n g e  & 
T r i n c i  1 9 7 4 ) ,  C o l l i n g e  e t  a l  1 9 7 8 ) .
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6. 10 .  The  f o r m a t i o n  o f  t h e  s e c o n d a r y  c o n i d i u m  s h o we d  
c l e a r l y  t h a t  t h e  c o n i d i a l  w a l l  wa s  d e r i v e d  f r o m  t h e  i n n e r  
l a y e r  o f  t h e  w a l l  o f  t h e  c o n  i d  l o g e n o u s  c e l l ,  i . e .  e n t e r o -  
b l a s t i c  ( s e n s u  K e n d r i c k  1 9 7 1 ,  C o l e  & S a ms o n  1 9 7 9 ,  S u t t o n  
1 9 8 0 ,  M i n t e r  e t  a l  1 9 8 2 ) .  The  a b s t r i c t i o n  s c a r  was  
f o r m e d  o f  a r a i s e d  c o l l a r  c o m p o s e d  of  t h e  r u p t u r e d  o u t e r  
l a y e r  w h i c h  s u r r o u n d e d  t h e  r e m a i n i n g  s i n g l e  l a y e r  of  t h e  
i n i t i a l l y  d u p l e x  s p e t u m  ( F i g  47  A - D ) .  The  s p o r e  s e c e s s i o n
was  t w o - c e l l e d .
D 2
F i g  47 D i a g r a m m a t i c  i n t e r p r e t a t i o n  of  s e c o n d a r y  s p o r e  
f o r m a t i o n  i n  S .  p i s t a c i a r u m .
A.  S i t e  o f  s p o r e  g e r m i n a t i o n .  B.  g e r m i n a t i o n  
i n i t i a l .  C.  a b s t r i c t i o n  of  s e c o n d a r y  s p o r e .  
D I .  s e c e s s i o n  o f  s e c o n d a r y  s p o r e .  D 2 . p l a n e  
v i e w  of  a b s t r i c t i o n  s c a r .
0 = o u t e r  l a y e r .  I  = i n n e r  l a y e r W = W o r o n i n  
body
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I f  t h e  c o n i d i o g e n o u s  c e l l  c o n t i n u e d  t o  p r o d u c e  
s e c o n d a r y  c o n i d i a  f r o m  t h e  s ame  l o c u s  t h e n  t h e  c o n i d i o -  
g e n o u s  c e l l  c o u l d  be  r e g a r d e d  a s  a p h i a l i d e .  The  c o n c e p t  
o f  t h e  p h i a l i d e  h a s  i n  r e c e n t  y e a r s  b e e n  r e d e f i n e d  
( K a n a n a s k i s  1 1 9 7 1 ) ,  M i n t e r  e t  a l  ( 1 9 8 3 )  h a s  s u r v e y e d  
t h e  r a n g e  of  c o n i d i a l  p r o d u c t i o n  f r o m  *p h i a l i d e - l i k e ’ 
c e l l s  a n d  d e c i d e d  t h a t  t h e  t e r m  ' p h i a l i d e *  was  a m b i g u o u s  
a n d  c o u l d  o n l y  be  u s e d  a s  a g e n e r a l  d e s c r i p t i v e  t e r m .
Con i d i o g e n e s i s , s e n s u  M i n t e r  e t  a l  ( 1 9 8 3 )  i s  r e g a r d e d  a s  
a n  e n t i r e  p r o c e s s ,  i . e .  c o n i d i u m  o n t o g e n y ,  d e l i m i t a t i o n ,  
s e c e s s i o n ,  p r o l i f e r a t i o n  and  r e g e n e r a t i o n ;  r a t h e r  t h a n  
p l a c i n g  t h e  w h o l e  e m p h a s i s  on c o n i d i u m  o n t o g e n y  ( M i n t e r  
e t  a l  1 9 8 2 ) .  I n  t h e  p r e s e n t  w o r k  o n l y  o n t o g e n y ,  d e l i m i ­
t a t i o n  a n d  s e c e s s i o n  h a s  b e e n  s t u d i ^ è d  f o r  t h e  f i r s t  
f o r m e d  c o n i d i u m  a t  a n y  one  l o c u s .  The  s u b s e q u e n t  e v e n t s  
a t  t h e  l o c u s  h a v e  n o t  b e e n  i d e n t i f i e d  a n d  w h e t h e r  more  
t h a n  one  s e c o n d a r y  c o n i d i u m  i s  p r o d u c e d  a t  t h e  s a me  l o c u s  
r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n .  The s e c o n d a r y  c o n i d i a  
w e r e  o n l y  o b s e r v e d  up t o  t h e  t wo  c e l l e d  s e c e s s i o n  s t a g e ,  
w h e t h e r  f u r t h e r  s e p t a t i o n  o c c u r s  d u r i n g  s u b s e q u e n t  
c u l t u r i n g  was  o b s c u r e d  by t h e  o n s e t  o f  GI g e r m i n a t i o n  
e v e n t ,  i . e .  a x i s  g r o w t h .  S e c o n d a r y  c o n i d i a l  p r o d u c t i o n  
a t  a s i m i l a r  l o c u s  a d j a c e n t  t o  t h e  t r a n s v e r s e  s e p t a  h a s  
b e e n  s h o wn  i n  5 .  p a s s e r  i n i  ( G r e e n  & D i c k s o n  1 9 5 7 ) .
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6. 11 .  The  r e l a t i o n s h i p  i n  p l a n t  d i s e a s e  b e t w e e n  t h e  h o s t  
and  p a t h o g e n  b a s e d  on t h e  h o s t - p a t h o g en  i n t e r f a c e  was  
d i s c u s s e d  by B r a c k e r  & L i t t l e f i e l d  ( 1 9 7 3 )  a nd  t h e y  
c o n s i d e r e d  t h a t  a t  a ny  one t i m e  o r  p l a c e  t h e  i n t e r f a c e  
may c o n s i s t  o f  a ny  o r  a l l  of  t h e  f o l l o w i n g ;
( i )  N o r m a l  h o s t  c e l l  c o m p o n e n t s  ( i . e .  t h o s e  i n  a f o r m  
a n d  f u n c t i o n a l  s t a t e  c h a r a c t e r i s t i c  o f  a h e a l t h y  
o r  n o n - i n v a d e d  c e l l ) .
( i i )  N o r m a l  c o m p o n e n t s  of  t h e  p a t h o g e n  ( s y m b i o n t )  c e l l .
( i i i )  S t r u c t u r e s  o f  h o s t  o r  p a t h o g e n  t h a t  a r e  m o d i f i e d  
a s  a r e s u l t  o f  t h e  i n t e r a c t i o n .
( i v ) I n t i m a t e  c o m b i n a t i o n s  o r  m i x t u r e s  o f  m a t e r i a l  o r  
s t r u c t u r e s  d e r i v e d  f r o m  b o t h  h o s t  and p a t h o g e n .
( V ) Ne wl y  f o r m e d  s t r u c t u r e s  or  m a t e r i a l s  t h a t  a r e  n o t  
n o r m a l l y  p r e s e n t  i n  e i t h e r  h o s t  o r  p a t h o g e n  when 
e i t h e r  o r g a n i s m  i s  g r o wn  s e p a r a t e l y .
( e x  B r a c k e r  & L i t t l e f i e l d  1 9 7 3 ) .
The  b a s i c  i n t e r f a c e  was  r e g a r d e d  a s  a p o s t  e n t r y  
p r o p e r t y  of  t h e  d i s e a s e  s y n d r o m e .  I n  a d i s c u s s i o n  of  t h e  
d e v e l o p m e n t  of  p a r a s i t i c  c o n i d i a l  f u n g i  i n  p l a n t s ,  A i s t  
( I 9 8 I )  c o n s i d e r e d  t h e  w h o l e  p r o c e s s  i . e .  i n g r e s s ,  r a m i f i ­
c a t i o n  a n d  e g r e s s  l e a d i n g  t o  p r o p a g u l e  p r o d u c t i o n .  A 
p a t h o g e n  w h i c h  g a i n s  e n t r y  by a c t i v e  p e n e t r a t i o n  o f  a 
p l a n t  s u r f a c e  c o u l d  be c o n s i d e r e d  t o  h a v e  a n  i n t e r a c t i v e  
p h a s e  w h i c h  w i l l  b e g i n  a t  s p o r e  g e r m i n a t i o n .
Germ t u b e s  p r o d u c e d  by g e r m i n a t i n g  c o n i d i a  o f  d i f f e r  
e n t  f u n g i  s how v a r i o u s  modes  of  e n t r y .  I n  many p a t h o g e n s
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d i r e c t  p e n e t r a t i o n  by a g e r m - t u b e  o f  t h e  c u t i c l e  and  
o u t e r  w a l l  o f  t h e  e p i d e r m a l  c e l l  o c c u r s .  McKeen ( 1 9 7 4 )  
i n  a n  e l e g a n t  s t u d y  o f  t h e  p e n e t r a t i o n  of  e p i d e r m a l  
c e l l  w a l l s  o f  V i c i a  f a b a  by B o t r . ^ . y t i s  c i n e r e a  s h o we d  t h a t  
a c o n i d i a l  g e r m - t u b e  was  a t t a c h e d  t o  t h e  h o s t  s u r f a c e  by 
a m u c i l a g e  p a d .  A p o r e  was  f o r m e d  a t  t h e  t i p  o f  t h e  
g e r m - t u b e  a n d  a l l o w e d  t h e  p l a s m a l e m m a  t o  be  a p p r e s s e d  
a g a i n s t  t h e  c u t i c l e .  The c u t i c l e  a p p e a r e d  t o  be  e n z y m i -  
c a l l y  d e g r a d e d  a nd  t h e  g e r m - t u b e  a d v a n c e d  a s  a n a r r o w  
i n f e c t i o n  p e g .  T h i s  e x p a n d e d  i n t o  t h e  l u me n  o f  t h e  
e p i d e r m a l  c e l l  a s  a n  i n f e c t i o n  h y p h a  f r o m  w h i c h  i n t r a  
c e l l u l a r  h y p h a e  w e r e  p r o d u c e d .  The c l a s s i c  wo r k  of  
Br own & H a r v e y  ( 1 9 2 7 )  s u g g e s t e d  t h a t  p e n e t r a t i o n  was  
m e c h a n i c a l  and  i t  i s  a s s u m e d  t h a t  a c o m b i n a t i o n  o f  
e n z y m i c  s o f t e n i n g  and  m e c h a n i c a l  f o r c e  a r e  i n v o l v e d  i n  
b r e a c h i n g  t h e  c u t i c l e  a nd  e p i d e r m a l  c e l l  w a l l s .
Many p l a n t  p a t h o g e n i c  f u n g i  g a i n  e n t r y  by c u t i c u l a r /  
e p i d e r m a l  c e l l  p e n e t r a t i o n  f o l l o w i n g  t h e  d e v e l o p m e n t  of  
an  a p p r e s s o r i u m  a t  t h e  t i p  of  a g e r m - t u b e .  An a p p r e s -  
s o r i u m  i s  e i t h e r  a s i m p l e  d i r e c t  s w e l l i n g  o f  t h e  g e r m -  
t u b e  t i p  o r  a l o b e d  b r a n c h e d  s t r u c t u r e ;  p l a n e  c o n t a c t  
s u r f a c e s  a r e  f o r m e d  b e t w e e n  t h e  c u t i c l e  a nd  t h e  a p p r e s -
r
s o r i u m .  The t wo  s u r f a c e s  a r e  f i r m l y  a t t a c h e d  by a 
m u c i l a g e n o u s  gum and  a p e n e t r a t i o n  peg  i s  f o r m e d  a t  t h e  
c o n t a c t  s u r f a c e  ( Emme t t  & P a r b e r r y  1 9 7 5 ) .  S u b s e q u e n t  
e v e n t s  may d e p e n d  on w h e t h e r  t h e  f u n g u s  p e n e t r a t e s  t h r o u g h  
t h e  c u t i c l e  a nd  t h e n  r a m i f i e s  s u b - c u t i c u l a r l y  or  p e n e ­
t r a t e s  f u r t h e r .  The c l a s s i c  e x a m p l e  of  e n t r y  a nd  s u b -
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c u t i c u l a r  r a m i f i c a t i o n  i s  s hown  by V e n t u r i a  s p p  V,  
i n a e q u a l i s  on a p p l e  ( Na s b a u m & K e i t t  1 9 3 6 ) ,  V.  r u m i c i s  
on Rumex s p .  ( K e r r  1 9 6 6 ) .  P e n e t r a t i o n  o f  e p i d e r m a l  c e l l s  
f r o m  a p p r e s s o r i a  i s  a f e a t u r e  of  t h e  g e n u s  C o l l e t o t r i c h u m . 
The a p p r e s s o r i a  a r e  h e a v i l y  m e l a n i s e d  a nd  e x p e r i m e n t s  
u s i n g  i n h i b i t o r s  o f  m e l a n i n  b i o s y n t h e s i s  h a v e  s h o wn  t h a t  
i n  C . 1 i n d e m a t h i a n u m  i f  m e l a n i s a t i o n  i s  i n h i b i t e d  
p e n e t r a t i o n  of  a F o r m v a r  f i l m  i s  p r e v e n t e d  ( Wol kow e t  a l
1 9 8 3 ) .  A f e a t u r e  o f  t h e  p e n e t r a t i o n  o f  t h e  e p i d e r m i s  of  
L e t t u c e  ( L a c t u c ^ s p . )  by B r e m i a  l a c t u c a e  i s  t h e  a d h e s i o n  
o f  a n  a p p r e s s o r i u m  a t  t h e  d e p r e s s i o n  f o r m e d  a t  t h e  
j u n c t i o n  o f  t wo  e p i d e r m a l  c e l l s  b u t  t h e  p e n e t r a t i o n  peg  
d o e s  n o t  f o r c e  a way down b e t w e e n  t h e  a n t i c l i n a l  w a l l s  
b u t  d r i v e s  t h r o u g h  t h e  a d j a c e n t  o u t e r  p e r i c l i n a l  w a l l .  
( S a r g e n t  e t  a l  1 9 7 3 ) .  Chou ( 1 9 7 0 )  s howe d  p e n e t r a t i o n  
o f  a n t i c l i n a l  w a l l s  by P e r o n o s p o r a  p a r a s i t i c a .
P e n e t r a t i o n  o f  s t o m a t a  e i t h e r  by d i r e c t  g e r m - t u b e  
p e n e t r a t i o n  o r  f o l l o w i n g  a p p r e s s o r i a l  d e v e l o p m e n t  i s  a 
common mode o f  p e n e t r a t i o n  by many p h y t o p a t h o g e n i c  f u n g i .  
T h i s  t y p e  o f  p e n e t r a t i o n  i s  a f e a t u r e  of  t h e  r u s t s .  I n  
P u c c i n i a  q r a m i n i s  on w h e a t  ( A l l e n  1 9 2 3 )  t h e  g e r m - t u b e  
g r o w s  o v e r  t h e  s u r f a c e  w i t h  d i r e c t i o n a l  g r o w t h  u n t i l  a 
s t o m a  i s  r e a c h e d .  An a p p r e s s o r i u m  i s  p r o d u c e d  a n d  a 
p e n e t r a t i o n  peg  p u s h e s  down b e t w e e n  t h e  g u a r d  c e l l s .  A 
s u b - s t o m a t a l  v e s i c l e  i s  f o r m e d ,  f r o m  w h i c h  a r i s e s  t h e  
i n t e r c e l l u l a r  m y c e l i u m .  F e e d i n g  h a u s t o r i a  a r e  p r o d u c e d  
a f t e r  l o c a l  p e n e t r a t i o n  of  t h e  m e s o p h y l l  c e l l  w a l l s .
Mo s t  p o w d e r y  m i l d e w s  d o  n o t  f o r m  an  i n t e r c e l l u l a r  m y c e l i u m
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b u t  r e m a i n  a s  a s u r f a c e  m y c e l i u m  w i t h  f e e d i n g  h a u s t o r i a  
i n  t h e  e p i d e r m a l  c e l l s  a s  t h e  o n l y  h o s t  p e n e t r a t i o n ;  
h o w e v e r  i n  L e v e i l l u l a  t a u r i c a  on g r e e n  p e p p e r ,  w h i c h  f o r m s  
a n  i n t e r c e l l u l a r  m y c e l i u m  g e r m - t u b e s  f o r m  an  a d h e s i o n  
b o d y  f r o m  w h i c h  a r i s e s  a n  i n f e c t i o n  h y p h a  w h i c h  t h e n  g r o w s  
a s  a s e c o n d a r y  g e r m - t u b e  b e f o r e  d i r e c t  p e n e t r a t i o n  o f  a 
s t o m a .  ( Kunoh  , e t  a 1 1 9 7 9 ) .  I n  t h e  p h r a g m o s p o r o u s  f u n g u s  
C e r c o s p o r a  b e t i c o l a  t w o  modes  o f  s t o m a t a l  p e n e t r a t i o n  
w e r e  o b s e r v e d  ( R a t h a i a h  1 9 7 6 ) .  When t h e  s t o m a t a  w e r e  
c l o s e d  a n  a p p r e s s o r i u m  was  f o r m e d ,  whe n  t h e  s t o m a t a  w e r e  
o p e n  p e n e t r a t i o n  was  by d i r e c t  g e r m - t u b e  g r o w t h .
R a t h a i a h  ( 1 9 7 7 )  s h o ws  a t w i n  p a i r  o f  g e r m - t u b e s  p r o d u c e d  
f r o m  t h e  c e n t r a l  r e g i o n  o f  t h e  s p o r e  p e n e t r a t i n g  a s i n g l e  
s t o m a t a l  a p e r t u r e .  The t wo  modes  w e r e  c o r r e l a t e d  w i t h  
n i g h t  o r  d a y t i m e  i n f e c t i o n .  D i r e c t e d  g r o w t h  o f  g e r m -  
t u b e s  h a s  b e e n  s h o wn  i n  S c i r r h i a  a c i c o l a  on p i n e  ( P a t t o n  
& S p e a r  1 9 7 8 )  i n  w h i c h  d i r e c t  s t o m a t a l  e n t r y  i s  e f f e c t e d  
w i t h o u t  a n  a p p r e s s o r i u m  b e i n g  f o r m e d  a nd  a l s o  f o r  D i t h i o -  
s t r o m a  p i n i  ( P e t e r s o n  & Games  1 9 7 8 ) .
The  g e r m i n a t i o n  of  t h e  c o n i d i a  o f  5 .  p i s t a c i a r  um 
s h o w e d  t h a t  g e r m - t u b e  g r o w t h  c o u l d  l e a d  t o  r a p i d  l o c a t i o n  
a n d  d i r e c t  p e n e t r a t i o n  o f  a s t o m a ,  o r  t o  a r a t h e r  d i f f u s e  
b r a n c h i n g  s u p e r f i c i a l  h y p h a l  s y s t e m  w i t h  some h y p h a e  
g r o w i n g  o v e r  s t o m a t a l  a p e r t u r e s ,  e v e n t u a l l y  some h y p h a x  
t i p s  s h o w e d  d i r e c t  p e n e t r a t i o n .  T h e r e  was  no  e v i d e n c e  
o f  a p p r e s s o r i a l  d e v e l o p m e n t  o r  d i r e c t  e n t r y  by c u t i c u l a r /  
e p i d e r m a l  p e n e t r a t i o n .  I n  o t h e r  s p e c i e s  o f  S e p t  o r  i a  
s t o m a t a l  p e n e t r a t i o n  h a s  b e e n  s h o w n .  I n  S .  p a s s e r i j ^ ,  on
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b a r l e y ,  G r e e n  & D i c k s o n  ( 1 9 5 7 )  s h o we d  i n f e c t i o n  f r o m  
p r i m a r y  a n d  s e c o n d a r y  t w o - c e l l e d  c o n i d i a  by g e r m - t u b e s  
p r o d u c e d  f r o m  e i t h e r  t h e  e n d s  o r  c e n t r a l  r e g i o n  o f  t h e  
s p o r e ;  no  a p p r e s s o r i a  w e r e  o b s e r v e d  t h o u g h  a p e r i o d  o f  
up t o  72 h o u r s  was  r e q u i r e d  f o r  s t o m a t a l  p e n e t r a t i o n .
C o v e y  ( 1 9 6 2 )  made s i m i l a r  o b s e r v a t i o n s  on S .  l i n i c o l a  
i n  w h i c h  36 h o u r s  was  r e q u i r e d  f o r  d i r e c t  s t o m a t a l  
p e n e t r a t i o n .  I n  c o n t r a s t  t h e  p e n e t r a t i o n  o f  t h e  c e r e a l  
h o s t  by S .  n o d o r u m  i s  by e p i d e r m a l  p e n e t r a t i o n  f r o m  
a p p r e s s o r i a .  The i n f e c t e d  c e l l  s h o ws  l i g n i f i c a t i o n  a nd  
c e l l  c o l l a p s e  ( B i r d  & R i d e  1 9 8 1 ) .  I n  t h e  o t h e r  i m p o r t a n t  
S e p t  o r  i a  p a t h o g e n  o f  c e r e a l s ,  S .  t r i t i c i , c o n i d i a  
g e r m i n a t e  mo s t  f r e q u e n t l y  n e a r  o r  on s t o m a t a l  c e l l s .  
G e r m - t u b e s  p e n e t r a t e d  e i t h e r  d i r e c t l y  t h r o u g h  t h e  s t o m a t a  
o r  r a r e l y  t h r o u g h  t h e  e p i d e r m a l  c e l l s ,  w i t h o u t  f o r m i n g  
a p p r e s s o r i a .  P e n e t r a t i o n  t o o k  2 4 - 3 6  h o u r s  ( P e r e s y p k i n  
& K o v a l e n k o  1 9 8 1 ) .
T h e  d i r e c t  p e n e t r a t i o n  o f  s t o m a t a  by S .  p i s t a c i a r u m  
was  s i m i l a r  t o  S .  l i n i c o l a  a nd  5 .  p a s s e r  i n i  b u t  d i f f e r e n t  
t o  S .  n o d o r u m  a n d  S .  t r i t i c i . Th o u g h  no l o n g  d i s t a n c e  
d i r e c t e d  g r o w t h  o f  g e r m - t u b e s  was  o b s e r v e d  t o w a r d s  s t o m a t a l  
a p e r t u r e s  b u t  s i n c e  g r o w t h  i n t o  a s t o m a  was  t h e n o n l y  
m e t h o d  f o u n d  i t  i s  a s s u m e d  t h a t  s h o r t  d i s t a n c e  d i r e c t e d  
g r o w t h  mu s t  o c c u r .  T h e s e  r e s u l t s  a nd  t h e  a b s e n c e  o f  
a p p r e s s o r i a  s u g g e s t s  t h a t  t h e r e  a r e  s e v e r a l  mode s  o f  
e n t r y  w i t h i n  t h e  g e n u s  S e p t o r i a  a nd  mode o f  e n t r y  may b e  
a n o t h e r  u s e f u l  c r i t e r i a  f o r  c l a s s i f i c a t i o n .  The f a i l u r e  
t o  e f f e c t  i n f e c t i o n  o f  P .  v e r a  i n  y o u n g  l e a v e s  m u s t  be
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r e l a t e d  t o  t h e  f a i l u r e  of  g e r m - t u b e s  t o  p e n e t r a t e  
s t o m a t a l  a p e r t u r e s .  T h i s  i s  p r o b a b l y  r e l a t e d  t o  t h e  
a p p a r e n t  i m m a t u r i t y  o f  t h e  s t o m a t a l  a p p a r a t u s  i n  y o u n g  
l e a v e s  a n d  a mo r e  d e t a i l e d  e x a m i n a t i o n  of  s t o m a t a l  ' 
m a t u r a t i o n  i n  P .  v e r a  a n d  s h o u l d  be  u n d e r t a k e n .  I t  w o u l d  
be  o f  i n t e r e s t  t o  e x p l o r e  i n f e c t i o n  o f  y o u n g  l e a v e s  by 
o t h e r  S e p t o r  i a  s p p  w i t h  s t o m a t a l  p e n e t r a t i o n  i n  r e l a t i o n ­
s h i p  t o  s t o m a t a l  m a t u r a t i o n .
A s i m i l a r  r e s p o n s e  was  s hown  by P s e u d o p e r o n o s p a  
h u m u l i  on y o u n g  h o p  l e a v e s .  I n  hop t h e  you n g  s t o m a t a l  
a p e r t u r e  i s  c l o s e d  by a l a y e r  of  c u t i c l e  w h i c h  r u p t u r e s  
d u r i n g  m a t u r a t i o n  t o  e x p o s e  t h e  s t o m a t a l  v e s t i b u l e  
s u r r o u n d e d  by a c l e a r l y  d e f i n e d  r i m .  P e n e t r a t i o n  o f  
s t o m a t a ,  w i t h  t h e  c u t i c u l e d  l a y e r  c o m p l e t e ,  d i d  n o t  
o c c u r  ( R o y l e  & Th o ma s  1 9 7 1 ) .
The  s t o m a t a l  p e n e t r a t i o n  by S e p t  o r i a  s p p  a n d  
C e r c o s p o r a  s p p ,  w i t h  t r o p i c  r e s p o n s e s  t o w a r d s  s t o m a t a l  
a p e r t u r e s ,  i m p l y  t h a t  w i t h  e x c e s s i v e  l e a f  m o i s t u r e ,  
when  t h e  w h o l e  l e a f  s u r f a c e  i s  w e t ,  s u c h  t r o p i s m s  w i l l  
n o t  be  s h o w n  (Wynn 1 9 8 1 ) .  Random g r o w t h  of  g e r m - t u b e s  
u n d e r  s u c h  c o n d i t i o n s  i s  s h o wn  by C . be t  i c  o 1 a ( R a t h  afa h 
1 9 7 7 )  C.  mu s a e  ( M e r e d i t h  1 9 7 0 )  a nd  C . z e a e - m a y d i s  
( B e c k m a n  & P a y n e  1 9 8 2 ) .  The  c o n d i t i o n s  u n d e r  w h i c h  t h e  
i n f e c t i o n  of  P .  v e r a  by S .  p i s t a r i a r u m  w e r e  e s t a b l i s h e d  
p r o b a b l y  m a i n t a i n e d  an e x t e n d e d  p e r i o d  of  l e a f  w e t n e s s .  
I n  l i q u i d  c u l t u r e  t h e  c o n i d i a  show l o n g  s p o r e  a x i s  
g r o w t h  a n d  t h i s  r e s p o n s e  c a n  be  d e m o n s t r a t e d  i n  c o n i d i a  
w a s h e d  o f f  f r o m  t h e  l e a f  a f t e r  13 h o u r s .  I n  S e p t o r i a
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s u c h  l o n g  a x i s  g r o w t h  may r e p l a c e  r a n d o m  g e r m - t u b e  
g r o w t h  a n d  t h e  c o n c e n t r a t i o n  o f  l o c a l  g e r m - t u b e s  p r o d u c e d  
by t h e  s p o r e l i n g  w o u l d  be  a n  e f f i c i e n t  way t o  e f f e c t  
s t o m a t a l  e n t r y .  I f  t h e  l o c a l  h u m i d i t y  d e c r e a s e s  d u r i n g  
t h e  l a t t e r  p a r t  o f  t h i s  p r o c e s s  d i r e c t e d  g e r m - t u b e  
t r o p i c  g r o w t h  s h o u l d  l e a d  t o  m u l t i p l e  p e n e t r a t i o n  of  a 
s t o m a .  To e x p l o r e  t h i s  p o s s i b i l i t y  an  SEM s t u d y  of  
g e r m i n a t i o n  of  s p o r e s  a t  v a r i o u s  h u m i d i t i e s  s h o u l d  be  
u n d e r t a k e n  b o t h  i n  v i t r o  a n d  i n  v i v o .
6 . 12 .  R a m i f i c a t i o n  o f  f u n g a l  p h y t o p a t h o g e n s  r e p r e s e n t s  
t h e  p r i n c i p a l  p a r a s i t i c  p h a s e  o f  t h e  p a r a s i t e  ( A i s t  1 9 8 1 ) .  
M y c e l i a  c a n  b e  l o c a t e d  e i t h e r  i n  an  e p i c u t i c u l a r , s u b ­
c u t i c u l a r  o r  i n t r a  a n d / o r  i n t e r  c e l l u l a r  p o s i t i o n .
The  mo s t  i m p o r t a n t  g r o u p s  o f  p a t h o g e n s  p r o d u c i n g  
a n  e p i c u t i c u l a r  m y c e l i u m  a r e  t h e  p o w d e r y  m i l d e w s .  P e n e ­
t r a t i o n  i s  by f e e d i n g  h a u s t o r i a  i n  t h e  e p i d e r m a l  c e l l s  
( B u s h n e l l  & Gay 1 9 7 8 )  a nd  t h e  s u r f a c e  m y c e l i u m  r a m i f i e s  
a s  a d i s c o i d a l  c o l o n y  a r o u n d  t h e  p o i n t  of  i n f e c t i o n .
T h i s  g r o u p  i s  c l e a r l y  s e p a r a t e  f r o m  t h o s e  f u n g i  i n  w h i c h  
a c e r t a i n  a m o u n t  o f  m y c e l i u m  i s  p r o d u c e d  on t h e  s u r f a c e ,  
o f t e n  n o t  a s  a p r e l i m i n a r y  p h a s e  o f  g r o w t h  b u t  a s e c o n d a r y  
p h a s e  f r o m  w h i c h  w i l l  a r i s e  t h e  r e p r o d u c t i v e  s t r u c t u r e s .  
The  m o s t  e x t e n s i v e  o f  t h e s e  s u r f a c e  d e v e l o p m e n t s  i s  s h o wn  
by t h e  e c t o s t r o m a  f o r m e d  a s  a n  i n v e s t m e n t  o f  t h e  o v a r y  
i n  e r g o t  i n f e c t i o n  o f  g r a s s e s .  The s u r f a c e  g r o w t h  i s  
i n i t i a t e d  f r o m  a n  i n t e r c e l l u l a r  m y c e l i u m  ( L u t t r e l l  1 & 7 7 ) .
R a m i f i c a t i o n  i n  a s u b - c u t i c u l a r  p o s i t i o n  i s  common 
b u t  i s  o f t e n  o n l y  a p r e l u d e  t o  e x t e n s i v e  i n t e r c e l l u l a r  
r a m i f i c a t i o n  w i t h i n  t h e  h o s t  t i s s u e s .  I n  t h e  c o n i d i a l
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f u n g u s  G l o e o c e r o c o s p o r a  s o r q h i  p e n e t r a t i o n  i s  by c u t i c u l a r  
p e n e t r a t i o n  l e a d i n g  t o  s u b - c u t i c u l a r  m y c e l i u m  f r o m  w h i c h  
a r i s e s  a n  i n t e r c e l l u l a r  m y c e l i u m .  S t o m a t a l  p e n e t r a t i o n  
may a l s o  o c c u r  w h e t h e r  s t o m a t a l  p e n e t r a t i o n  l e a d s  t o  
s u b - c u t i c u l a r  g r o w t h  a s  w e l l  a s  i n t e r c e l l u l a r  g r o w t h  
wa s  n o t  s h o wn  ( M y e r s  & F r y  1 9 7 8 ) .  O t h e r  f u n g i  i n  w h i c h  
l i m i t e d  s u b - c u t i c u l a r  m y c e l i u m  i s  f o r m e d  a r e  B.  c i n e r e a  
on Mm f a b a  ( McKeen  1 9 7 4 )  a n d  C o l l e t o t r i c h u m  g l o e o s p o r o i d e s  
on o r a n g e  ( Br o wn  1 9 7 7 ) .
The  m a j o r  p a t h o g e n s  i n  w h i c h  a n  e x t e n s i v e  s u b ­
c u t i c u l a r  m y c e l i u m  f o r m s  t h e  v e g e t a t i v e  p h a s e  a r e  
V e n t u r  i a  s p p  a n d  D i p l o c a r p o n  r a s a e .  I n  V e n t u r  i a  s p  t h e  
m y c e l i u m  f o r m s  a l a r g e  s u b - c u t i c u l a r  s t r o m a  b u t  w i t h o u t  
h o s t  c e l l  p e n e t r a t i o n ,  w h e r e a s  i n  D.  r o s a e  h a u s t o r i a  a r e  
i n s e r t e d  i n t o  t h e  h o s t  e p i d e r m a l  c e l l  ( A i s t  1 9 8 1 ) .
I n t e r c e l l u l a r  r a m i f i c a t i o n  o c c u r s  i n  many p h y t o ­
p a t h o g e n s  e i t h e r  w i t h  t h e  d e v e l o p m e n t  o f  h a u s t o r i a ,  a s  i n  
t h e  r u s t s  a n d  downy m i l d e w s  o r  a s  h y p h a e  w h i c h  g r o w i n  
t h e  i n t e r c e l l u l a r  s p a c e s  w i t h  i n t e r m i t t e n t  c o n t a c t  b e t w e e n  
h y p h a e  a n d  h o s t  c e l l s .  The p h y s i o l o g i c a l  r e s u l t s  o f  
t h e s e  t w o  t y p e s  o f  g r o w t h  a r e  i n  t h e  f o r m e r  a b i o t r o p h i c  
r e s p o n s e  i n  w h i c h  t h e  h o s t  c e l l s  do  n o t  d i e  u n t i l  l a t e  i n  
t h e  i n f e c t i o n  c y c l e ;  a n d  i n  t h e  l a t t e r  a n e c r o t r o p h i c  
r e s p o n s e  i n  w h i c h  a f t e r  a s h o r t  i n t e r v a l  h o s t  c e l l s  
c o l l a p s e  a n d  d i e .
I n  t h e  r u s t s  and  downy m i l d e w s ,  a n  i n t e r c e l l u l a r  
m y c e l i u m  w i t h  f e e d i n g  h a u s t o r i a  i s  t h e  n o r m a l  mode of
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g r o w t h .  I n  t h e  r u s t s  c o l o n y  s i z e  v a r i e s  f r o m  m i n u t e ,  
w i t h  o n l y  one  s u p r a s t o m a t a l  s o r u s  t o  ma r k  t h e  s m a l l  
i n f e c t i o n  e . g .  D e s m e l l a  a n e i m i a e ; t h r o u g h  H e m i l e i a  
v a s t a t r  i x  w i t h  a n  e x p a n d i n g  r a d i a l  t h a l l u s  o f  t h i n  
p r i m a r y  m a r g i n a l  h y p h a e  and  t h i c k e r  ’ f e e d e r '  h y p h a e  i n  
t h e  o l d e r  p a r t s  of  t h e  t h a l l u s ,  f r o m  w h i c h  a r i s e  a 
s e r i e s  o f  i n t e r c o n n e c t e d  s u p r a s t o m a t a l  s o r i ;  t o  t h e  
l a r g e r  s p r e a d i n g  t h a l l i  o f  P u c c i n i a  g r a m i n i s  a n d  
P . r  e c  ond i t  a i n  w h i c h  a young  c i r c u l a r  t h a l l u s  o c c u p i e s  
t h e  e n t i r e  d e p t h  of  t h e  l e a f  and  p r o d u c e s  l a r g e  s u b -  
e p i d e r m a l  s o r i .  As t h e  c o l o n y  e n l a r g e s  c o n c e n t r i c  
r i n g s  o f  s o r i  a r e  p r o d u c e d .  The a m o u n t  of  t i s s u e  
o c c u p i e d  i s  s m a l l ,  1% of  t h e l e a f  v o l u m e  was  o c c u p i e d  
by h y p h a e  a nd  6 0 - 70 %  of  t h e  m e s o p h y l l  c e l l s  w e r e  
o c c u p i e d  by h a u s t o r i a  i n  H. v a s t a t r i x  ( Mc Ca i n  & H e n n e n
1 9 8 4 ) .
I n  n e c r o t r o p h i c  l e s i o n s  t w o  t y p e s  of  i n v a s i o n  a r e  
p o s s i b l e :  a )  w h e r e  i n t e r c e l l u l a r  h y p h a e  p r o d u c e  b r a n c h e s  
w h i c h  i n v a d e  h o s t  c e l l s  i n t r a c e l l u l a r l y , b u t  w h i c h  a r e  
n o t  s p e c i a l i s e d  f e e d i n g  h a u s t o r i a  a nd  b)  w h e r e  a l l  t h e  
h y p h a e  a r e  i n t e r c e l l u l a r . An e x a m p l e  of  t h e  f o r m e r  i s  
t h e  n e c r o t i c  c h o c o l a t e  s p o t  of  V i c  i a  f a b a  c a u s e d  by 
B o t r y t i s  f a b a e . A f t e r  i n f e c t i o n  a nd  a b a x i a l  e p i d e r m a l  
c e l l  p e n e t r a t i o n  an  i n t e r c e l l u l a r  m y c e l i u m  was  d e v e l o p e d  
w i t h i n  t h e  m e s o p h y l l .  The i n t r a  c e l l u l a r  i n v a s i o n  of  
t h e  m e s o p h y l l  was  n o t  common b u t  p e n e t r a t i o n  a l o n g  t h e  
m i d d l e  l a m e l l a  of  a d j a c e n t  m e s o p h y l l  c e l l s  was  common.  
O n l y  t h r e e  d a y s  was  r e q u i r e d  f o r  o c c u p a t i o n  t h r o u g h o u t
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t h e  t h i c k n e s s  of  t h e  l e a f  a nd  t h e  a d a x i a l  e p i d e r m a l  c e l l  
w a l l s  w e r e  s w o l l e n  a nd  o c c u p i e d  by h y p h a e .  A t y p i c a l  
f e a t u r e  of  t h i s  p a t h o g e n  was  t h e  i n d u c t i o n  o f  s w o l l e n  
c e l l  w a l l s  i n  a d v a n c e  of  t h e  m y c e l i a l  f r o n t .  The 
h y p h a e  i n  t h e  i n t e r c e l l u l a r  s p a c e  w e r e  o f t e n  s u r r o u n d e d  
by f i b r i l l a r  m a t e r i a l  w h i c h  a d h e r e d  t o  t h e  h o s t  c e l l  
w a l l s  ( M a n s f i e l d  & R i c h a r d s o n  1 9 8 1 ) .  T h i s  t y p e  c o n t r a s t s  
w i t h  t h e  a d v a n c e  t h r o u g h  t i s s u e s  of  v a s c u l a r  w i l t  
p a t h o g e n s .  B i s h o p  & C o o p e r  ( 1 9 8 3 )  d e s c r i b e  t h e  p e n e ­
t r a t i o n  of  t o m a t o  r o o t s  by F u s a r i u m  o x y s p o r u m  f . s p  l y c o - 
p e r s i c  i  (F.ox ) a n d  V e r t i c i l l i u m  a l b o  a t r u m  ( V.a ^ a  ) . I n  
t h e s e  t h e r e  was  l o c a l  d e g r a d a t i o n  of  h o s t  c e l l  w a l l s  
w h e r e  i n t e r c e l l u l a r  h y p h a e  w e r e  a t t a c h e d  t o  t h e  h o s t  
c e l l  w a l l s  by me a ns  of  a m u c i l a g i n o u s  s h e a t h .  O t h e r  
h y p h a e  r a m i f i e d  down t h e  m i d d l e  l a m e l l a  a nd  s h o r t  
l a t e r a l  b r a n c h e s  p e n e t r a t e d  a d j a c e n t  h o s t  c e l l s  t h r o u g h  
a s m a l l  p o r e .  I n  t h e s e  t wo  f u n g i  no d e g r a d a t i o n  a c t i o n  
i n  a d v a n c e  of  t h e  m y c e l i a l  f r o n t  was  o b s e r v e d .  A ma r k e d  
d i f f e r e n c e  b e t w e e n  t h e  t w o  f u n g i  was  f o u n d  i n  t h e  mode 
o f  i n t r  a - c e  l l u l a r  o c c u p a t i o n .  F>ox. was  f r e q u e n t l y  f o u n d  
i n  n e c r o t i c  m o r i b u n d  h o s t  c e l l s  a n d  V,a«>a_ was  f o u n d  i n  
h e a l t h y  h o s t  c e l l s  b u t  w e r e  e s s e n t i a l l y  e x t r a c e l l u l a r  
s i n c e  t h e y  w e r e  s u r r o u n d e d  by h o s t  p l a s m a l e m m a .  I n  F . o x .  
f . s p ,  r a d i c i s - l y c o p e r s i c i  (FORL) C h a r e s t  e t  a l  ( 1 9 8 4 )  
h a v e  s h o wn  t h a t  t h o u g h  t h e  b a s i c  i n t e r / i n t r a  c e l l u l a r  
r e l a t i o n s h i p s  w e r e  s i m i l a r  t o  F o x ,  i n  some c e l l s  w h e r e  
a h o s t  c e l l  w a l l  had  b e e n  t h i c k e n e d  by a p p o s i t i o n  or  
p a p i l l a  f o r m a t i o n  t h e s e  w a l l  t h i c k e n i n g s  w e r e  b r e a c h e d  
by t h e  e n z y m i c  a c t i v i t i e s  o f  t h e  p a t h o g e n .
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A t y p i c a l  l e a f - s p o t  i n  w h i c h  i n t r a c e l l u l a r  p e n e ­
t r a t i o n  i s  c o n f i n e d  t o  m o r i b u n d  c e l l s  i s  s hown  by 
C e r c o s p o r a  b e t i c o l a  i n  l e a v e s  of  B e t a  v u l g a r i s  ( S t e i n -  
kamp e t  a l  1 9 7 9 ) ,  The i n f e c t i o n  was  by s t o m a t a l  
p e n e t r a t i o n  a nd  a f t e r  5 d a y s  a s p a r s e  i n t e r c e l l u l a r  
m y c e l i u m  was  p r o d u c e d .  The h y p h a e  t r a v e r s e d  t h e  i n t e r ­
c e l l u l a r  s p a c e s  a nd  w e r e  a t t a c h e d  t o  m e s o p h y l l  c e l l s ,  
i n  y o u n g  l e s i o n s ,  by a v e r y  s m a l l  d e p o s i t  of  g r a n u l a r  
m a t r i x  m a t e r i a l  w h i c h  i n  o l d e r  l e s i o n s  i n c r e a s e d  i n  
a m o u n t  u n t i l  a t h i c k  l a y e r  was  f o r m e d .
I n  t o m a t o  l e a f  b l i g h t  c a u s e d  by C l a d  o s p  or  ium 
f u l v u m , L a z a r o r i t s  & H i g g i n s  ( 1 9 7 6 )  s h o we d  t h a t  a f t e r  
s t o m a t a l  p e n e t r a t i o n  i n t e r c e l l u l a r  h y p h a e  s p r e a d  t h r o u g h ­
o u t  t h e  l e a f  t i s s u e  w i t h  e a r l y  c o l o n i s a t i o n  o f  t h e  
m e s o p h y l l  and  l a t e  c o l o n i s a t i o n  of  t h e  p a l i s a d e  r e g i o n .
The h y p h a e  w e r e  c l o s e l y  a p p r e s s e d  t o  t h e  h o s t  c e l l  w a l l  
a n d  a l o c a l i s e d  d e p o s i t  of  e l e c t r o n - d e n s e  m a t e r i a l  was  
f o r m e d  a t  p o i n t s  of  c o n t a c t .  T h i s  d e v e l o p m e n t  of  
a d h e s i o n  p a d s  or  c o m p l e t e  h y p h a l  i n v e s t m e n t s  i s  a 
f e a t u r e  o f  o t h e r  i n t e r c e l u l a r  p a t h o g e n s .  Net  b l o t c h  of  
b a r l e y  c a u s e d  by P y r e m o p h o r a  t e r e s  ( Kean  & H a r g r e a v e s  
1 9 8 3 )  d e v e l o p e d  an  i n t e r c e l l u l a r  m y c e l i u m  a f t e r  p e n e t ­
r a t i o n  by a p p r e s s  o r i a l / p e n e t r a t  i o n  peg  o f  t h e  e p i d e r m i s .
An i n t r a c e l l u l a r  v e s i c l e  was  f o r m e d  i n  t h e  c e l l  a nd  an  
i n f e c t i v e  h y p h a  p e n e t r a t e d  t h e  l o w e r  w a l l  of  t h e  
e p i d e r m a l  c e l l ;  a l l  s u b s e q u e n t  m y c e l i u m  was  i n t e r c e l l u l a r .  
The c o n t a c t s  b e t w e e n  h y p h a e  and  h o s t  c e l l  w a l l s  s howe d  
an  e l e c t r o n - d e n s e  g r a n u l a r  v e i n  of  m a t e r i a l  s i m i l a r  i n  
a p p e a r a n c e  t o  t h e  v e r y  s u b s t a n t i a l  h y p h a e  s h e a t h s  s hown
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by W h e e l e r  & Ganz  ( 19 7 9 )  p r o d u c e d  by H e l m i n t h e ^  i um s p p .
I n  t h e  l a t t e r  h o w e v e r  a s i m i l a r  s h e a t h  was  f o u n d  on 
h y p h a e  g r o w n  i n  d i s t i l l e d  w a t e r  and  may n o t  be p a r t  o f  
t h e  a t t a c h m e n t  s y s t e m  a p p a r e n t l y  d e v e l o p e d  de  n o v o  
b e t w e e n  h o s t  a nd  p a t h o g e n  o b s e r v e d  i n  o t h e r  c o m b i n a t i o n s .
I n  S e p t  or  i a  i n f e c t i o n s  t h e r e  a r e  l i m i t e d  a c c o u n t s
of  m y c e l i a l  d i s t r i b u t i o n s  i n  i n f e c t e d  t i s s u e s .  I n  a l l
t h e  m y c e l i u m  i s  d i s t r i b u t e d  i n t e r c e l l u l a r l y  o n c e  e i t h e r
e p i d e r m a l  o r  s t o m a t a l  p e n e t r a t i o n  h a s  o c c u i / e d , a nd
t h e r e  a r e  no r e p o r t s  o f  i n t r a c e l l u l a r  o c c u p a t i o n .  I n
S .  p a s s e r  i n i  on b a r l e y  ( G r e e n  & D i c k s o n  1 9 5 7 )  t h e
m y c e l i u m  i s  s p a r s e  and  c o n f i n e d  t o  t h e  m e s o p h y l l .  I n
S .  n o d o r u m  on w h e a t ,  a f t e r  e p i d e r m a l  p e n e t r a t i o n ,  t h e
m y c e l i u m  was  s p a r s e l y  d i s t r i b u t e d  i n  t h e  m e s o p h y l l  ( B i r d
& R i d e  1 9 8 1 ) .  T h i s  i s  i n  c o n t r a s t  t o  S .  t r i e  i t i  i n  
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w h i c h  l e s i o n / i s  s l o w  b u t  1 2 - 1 3  d a y s  a f t e r  i n f e c t i o n  a l l  
t h e  i n t e r c e l l u l a r  s p a c e s  w e r e  f i l l e d  w i t h  m y c e l i u m  
( P e r e s y p k i n  & K o v a l e n k o  1 9 8 1 ) .
I t  h a s  b e e n  s u g g e s t e d  t h a t  t h e  s p a r s e  m y c e l i u m  of  
S .  n o d o r u m  i s  a t t a c h e d  t o  t h e  h o s t  m e s o p h y l l  c e l l s  by 
t h e  f i b r i l l a r  m a t e r i a l  w h i c h  i s  a p p a r e n t  a s  an  e x t e r n a l  
l a y e r  on t h e  i n t e r c e l l u l a r  h y p h a e ,  b u t  t h e  p u b l i s h e d  
i l l u s t r a t i o n s  ( K a j a l a i n e n  & Lou t ma  1 9 8 4 )  do  n o t  show a 
s i g n i f i c a n t  pad  o f  m a t e r i a l  a t  t h e  p o i n t  o f  c o n t a c t .
The t w o  S e p t  or  i a  s p p  on P .  v e r a  s how s ome  s i m i l ­
a r i t i e s  t o  o t h e r  S e p t o r i a  s p p .  The m y c e l i u m  i n  5^ . 
p i s t a c i a r u m  i s  c o m p a r a t i v e l y  s p a r s e  i n  i t s  d i s t r i b u t i o n  
w h e r e a s  S .  p i s t a c i n a  i s  d e n s e l y  d i s t r i b u t e d .  The h y p h a e
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c r o s s  i n t e r c e l l u l a r  s p a c e s  i n  b o t h  s p e c i e s  t h o u g h  t h e  
b r a n c h e s  i n  S« p i s t a c  i n  a a r e  s h o r t - o r d e r  b r a n c h e s  i n  
c o n t r a s t  t o  t h e  l o n g - o r d e r  b r a n c h i n g  i n  S .  p i s t a c i a r u m . 
B o t h  s p e c i e s  s how d e p o s i t s  of  m a t r i x  m a t e r i a l  a t  
p o i n t s  o f  c o n t a c t .  I n  S .  p i s t a c i a r u m  t h e  a m o u n t  i s  
l a r g e ,  o f t e n  f o r m i n g  a d i s c r e t e  pad  a n d  i n  s ome  c a s e s  
f o r m e d  a c o m p l e t e  s h e a t h .  I n  S .  p i s t a c i n a  t h e  a m o u n t  
wa s  l e s s  a n d  n e v e r  f o r m e d  a c o m p l e t e  s h e a t h .  The 
n a t u r e  o f  t h e  m a t e r i a l  i s  n o t  known b u t  may be  p a r t  o f  
a h o s t / p a t h o g e n  i n t e r a c t i o n  p r o d u c t .  I n  o t h e r  f u n g i  
t h i s  m a t e r i a l  h a s  b e e n  v a r i o u s l y  i d e n t i f i e d  a s  b e i n g  
e i t h e r  p o l y s a c c h a r i d e  p a r t i c u l a r l y  i n  t h e  c a s e  o f  
p a t h o g e n s  p r o d u c i n g  d e g r a d a t i v e  p o l y s a c c h a r i d a s e s , or  
p r o t e i n a c e o u s  o r  g l y c o p r o t e i n s .
The  v a r i a t i o n  s hown by a s e r i e s  of  l e a f  s p o t s  
i n d i c a t e  t h a t  t h e r e  a r e  no g e n e r a l i s a t i o n s  t h a t  c a n  
c o n v e n i e n t l y  be  made t o  r e l a t e  t h e  a m o u n t s  o f  m y c e l i u m  
w h i c h  l e a d  t o  t h e  d e v e l o p m e n t  of  t h e  d i s e a s e  s y n d r o m e .  
The  u s e  o f  t h e  t e r m  ' s p a r s e *  i s  u n f o r t u n a t e l y  n o t  
p r e c i s e  b u t  mu s t  be  r e g a r d e d  a s  a f u n c t i o n  o f  how much 
i n t e r c e l l u l a r  s p a c e  i s  o c c u p i e d  by h y p h a e .  L a r g e  
i n t e r c e l l u l a r  s p a c e s  w i t h  f e w h y p h a e  w o u l d  be  r e g a r d e d  
a s  ' s p a r s e * .  S m a l l  s p a c e s  w i t h  t h e  s ame  a m o u n t  o f  
h y p h a e  w o u l d  be  e s t i m a t e d  a s  d e n s e .  I n  c o m p a r i n g  t h e  
t w o  S e p t  o r  i a  s p p  i n  P . v e r a  t h e  c o m p a r i s o n  i s  v a l i d  
t h o u g h  o n l y  on a t wo  p o i n t  s c a l e .  An a d d i t i o n a l  me t h o d  
o f  c o m p a r i s o n  w o u l d  be t o  e s t i m a t e  f u n g a l  b i o m a s s / u n i t  
t i s s u e  v o l u m e  u s i n g  a c h i t  i n  a s s a y .  F u n g a l  c e l l  w a l l s
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a f t e r  h y d r o l y s i s  r e l e a s e  N - a c e t y l  g l u c o s a m i n e ,  t h e  
monomer  o f  c h i t  i n ,  w h i c h  c a n  be a s s a y e d .  Th o u g h  
f u n g a l  h y p h a e  s how v a r i a t i o n  o f  c h i t  i n  l e v e l s  w i t h  a g e ,  
t h e  m e t h o d  w o u l d  e n a b l e  a mor e  p r e c i s e  e s t i m a t e  t o  be  
made ( S h a r m a  e t  a l  1 9 7 7 ) .
6 . 1 3 .  The  r e s u l t  o f  f u n g a l  i n v a s i o n  by a n e c r o t i c  
p a t h o g e n  i s  t h e  e v e n t u a l  d e a t h  of  t h e  h o s t  c e l l s  l e a d i n g  
t o  t h e  e x t e r n a l  s y mp t o ms  of  n e c r o s i s .  The r a p i d i t y  
o f  l e s i o n  f o r m a t i o n  d e p e n d s  on t h e  d e a t h  r a t e  o f  i n d i ­
v i d u a l  c e l l s  a nd  e v e n t u a l  t i s s u e  d i s o r g a n i s a t i o n .  I t  
w o u l d  be  e x p e c t e d  t h a t  p a t h o g e n s  w h i c h  i n v a d e  by c e l l  
s e p a r a t i o n  a n d  i n t r a c e l l u l a r  i n v a s i o n  w o u l d  be  more  
e f f e c t i v e  t h a n  t h o s e  i n  w h i c h  t i s s u e  c o h e r e n c e  i s  
m a i n t a i n e d .  Ho we v e r  i f  h o s t  c e l l  d e a t h  i s  d u e  t o  
p a t h o g e n  p r o d u c e d  t o x i n s  t h e n  t h a t  d e a t h  c o u l d  be a v e r y  
r a p i d  p h e n o m e n o n .
T y p i c a l  o f  n e c r o t i c  d e s e a s e  i n  w h i c h  p e c t o l y t i c  
a c t i v i t y  i s  i n v o l v e d  i n  n e c r o s i s  a r e  t h e  b r o wn  r o t s  of  
a p p l e  a n d  p e a r  c a u s e d  by M on i l i a  s p p  ( B y r d e  & W i l l e t s  
1 9 7 7 ) .  I n  t h e s e  t h e  m y c e l i u m  i s  i n t e r c e l l u l a r  i n c l u d i n g  
m i d d l e  l a m e l l a  t u n n e l s ,  a n d  l e a d s  t o  m a s s i v e  m i d d l e  
l a m e l l a  b r e a k d o w n  a nd  a c c u m u l a t i o n  of  t h e  p r o d u c t s  o f  
b r e a k d o w n  a s  a n  e l e c t r o n - d e n s e  d e p o s i t  i n  t h e  i n t e r ­
c e l l u l a r  s p a c e s .  The w a l l  a d j a c e n t  t o  h y p h a e  i s  
d e f o r m e d  a n d  s t a i n e d  u n e v e n l y ,  i n d i c a t i n g  s ome  e n z y m i c  
b r e a k d o w n .  The p r i n c i p a l  r e s p o n s e  o f  t h e  h o s t  c e l l s  i s  
s h o wn  by  p r o t o p l a s t  c o l l a p s e ,  t h o u g h  t h e  p r o t o p l a s t  
me mb r a n e  r e m a i n s  i n t a c t .  The me mbr a ne  h o w e v e r  i s  n o n -
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f u n c t i o n a l  s i n c e  e l e c t r o l y t e s  l e a k  f r o m  t h e  c e l l s .  
I n t r a c e l l u l a r  h y p h a e  e v e n t u a l l y  p e n e t r a t e  i n t o  t h e  
s p a c e  l e f t  by  t h e  s h r u n k e n  p r o t o p l a s t .  The b r o w n i n g  
r e a c t i o n  i s  c a u s e d  by t h e  o x i d a t i o n  of  h o s t  p h e n o l s  by 
h o s t  p o l y p h e n o l  o x i d a s e s  d u e  t o  t h e  ' d e c o m p a r t m e n t -  
a l i s a t i o n '  o f  t h e  p r o t o p l a s t .
Me mb r a n e  r e s p o n s e s  a nd  d i s r u p t i o n  a r e  t h e  f i r s t  
s i g n s  o f  p h y s i o l o g i c a l  d i s o r d e r  i n  n e c r o t i c  l e s i o n s .
The  e n d o m e m b r a n e  c o n c e p t  ( M o r r e  & M o l l e n h a u e r  1 9 7 4 )  
d e s c r i b e s  a f u n c t i o n a l  a nd  d e v e l o p m e n t a l  c o n t i n u u m  of  
i n t e r n a l  c y t o p l a s m i c  me mb r a n e s  i n  w h i c h  t h e  n u c l e a r  
e n v e l o p e ,  e n d o p l a s m i c  r e t i c u l u m ,  d i c t y ^ o m e s ,  s e c r e t o r y  
v e s i c l e s ,  v a c u o l e  m e m b r a n e s ,  p l a s m a  membane a n d  o u t e r  
m e m b r a n e s  o f  m i t o c h o n d r i a  and  c h l o r o p l a s t s  a r e  a l l  
a s s o c i a t e d  ( B r a c k e r  & L i t t l e f i e l d  1 9 7 3 )  ( A r i a s  e t  a l  
1 9 8 3 ) .
The  b a r l e y  m e s o p h y l l  r e a c t i o n  t o  P .  t e r e s  was  
s h o wn  t w o  d a y s  a f t e r  i n o c u l a t i o n .  H o s t  m e s o p h y l l  c e l l s  
s h o w e d  v a r i o u s  d e g r e e s  o f  d i s r u p t i o n .  The i n i t i a l  
e v e n t s  i n  t h e  d e a t h  of  t h e  c e l l s  a p p e a r e d  t o  be v é s i c u ­
l a t i o n  a s s o c i a t e d  w i t h  t h e  t o n o p l a s t  f o l l o w e d  by 
d i s r u p t i o n  o f  t h i s  me mb r a n e .  F o l l o w i n g  t h e  l o s s  of  
t o n o p l a s t s  i n t e g r i t y  t h e  c h l o r o p l a s t s  s w e l l e d  a n d  t h e  
g r a n a  s h o we d  v é s i c u l a t i o n .  Wi t h  t h e  d i s i n t e g r a t i o n  of  
t h e  c h l o r o p l a s t  me mbr ane  t h e  c o n t e n t s  w e r e  r e l e a s e d  i n t o  
t h e  c e l l  l u m e n .  S e r i a l  s e c t i o n s  s h o we d  t h a t  h y p h a e  
b r i d g e d  i n t e r c e l l u l a r  s p a c e s  and  t h a t  h o s t  c e l l s  w h i c h  
w e r e  u n d e r g o i n g  d i s o r g a n i s a t i o n  w e r e  i n  c l o s e  c o n t a c t
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w i t h  f u n g a l  h y p h a e .  T h i s  i m p l i e s  t h a t  c e l l s  w h i c h  w e r e  
n o t  i n  c l o s e  c o n t a c t  w e r e  n o t  r e s p o n d i n g  i n  t h e  same 
way i . e .  t h e  c e l l s  i n  t h e  l e s i o n s  w e r e  n o t  b e h a v i n g  i n  
a s y n c h r o n o u s  ma n n e r  ( Keon & H a r g r e a v e s  1 9 8 3 ) .
A s i m i l a r  l a c k  o f  s y n c h r o n y  was  s hown by t o m a t o  
l e a f  t i s s u e  i n f e c t e d  w i t h  C.  f u l v u m . V a r i a t i o n  i n  r a t e  
o f  t h e  r e s p o n s e  was  a l s o  shown by v a r i o u s  c u l t i v a r s  
w h i c h  h a d  v a r i o u s  d e g r e e s  of  r e s i s t a n c e  ( L a z a r o v i t s  & 
H i g g i n s  1 9 7 6 b ) .  A common f e a t u r e  i n  a l l  c o m b i n a t i o n s  
was  t h e  i n c r e a s e  i n  c r y s t a l  c o n t a i n i n g  m i c r o b o d i e s  and  
l i p i d  b o d i e s .  S u s c e p t i b l e  h o s t / p a t h o g e n  c o m b i n a t i o n s  
s h o we d  a m i n o r  r e s p o n s e  u n t i l  p a t h o g e n  s p o r u l a t i o n  was  
w e l l  e s t a b l i s h e d  i . e .  a t o l e r a n t  h o s t  r e a c t i o n .  An 
i n t e r e s t i n g  f e a t u r e  of  h o s t  c e l l  membr ane  r e s p o n s e  was  
t h e  a s s o c i a t i o n  o f  a s t r a n d  of  h o s t  ER p a r a l l e l  t o  t h e  
h o s t  p l a s m a l e m m a  i n  t h e  r e g i o n  of  f u n g a l  c o n t a c t .  The 
m a j o r  u l t r a s t r u c t u r a  1 c h a n g e s  o n l y  occui ^ed i n  t h e  
m a t u r e  l e s i o n  a nd  h e r e  t h e  t o n o p l a s t  and  p l a s m a l e m m a  
s h o w e d  many b r e a k s ,  t h e  c h l o r o p l a s t  e n v e l o p e  b e c a me  
d i s r u p t e d  a n d  t h e  g r a n a  w e r e  d i l a t e d .  S t a r c h  l e v e l s  
i n c r e a s e d  a nd  o c c u p i e d  a l a r g e  p o r t i o n  of  e v e n  t h e  
d a m a g e d  c h l o r o p l a s t s .  E x t r a - c e l l u l a r  m a t e r i a l  was  
a c c u m u l a t e d  a s  a g r a n u l a r  m a t r i x  w i t h  an  e l e c t r o n -  
d e n s e  o u t e r  l a y e r .  The r e s i s t a n t  c o m b i n a t i o n s  s h o we d  
a r a p i d  d i s o r g a n i s a t i o n  o f  h o s t  c e l l s  a r o u n d  t h e  s i t e  
o f  i n f e c t i o n  w i t h  same f i n a l  u l t r a s t r u c t u r a l  c h a n g e s  
a s  i n  t h e  s u s c e p t i b l e  c o m b i n a t i o n s .  The e p i d e r m a l  
c e l l s  a n d  s t o m a t a l  g u a r d  c e l l s  s howe d  n e c r o s i s  and  
c o l l a p s e  i n  t h e  c e n t r e  of  a r e s i s t a n t  l e s i o n .
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The l a c k  of  s y n c h r o n y  of  h o s t  r e s p o n s e  h a s  a l s o  
b e e n  o b s e r v e d  by S t e i n k a m p  e t  a l  ( 1 9 7 9 )  i n  b e e t  l e a v e s  
i n f e c t e d  w i t h  C e r c o s p o r a  b e t i c o l a . I n  y o u n g  l e s i o n s  
t h e  f i r s t  e f f e c t s  w e r e  s hown by an  i n c r e a s e  i n  s m a l l  
v e s i c l e s  a n d  s w e l l i n g  of  t h e  ER,  t h e  m i t o c h o n d r i a  
d e v e l o p e d  h o l e s  and  t h i c k e n e d  o u t e r  m e m b r a n e s .  As t h e  
i n f e c t i o n  p r o g r e s s e d  t h e  p l a s m a l e m m a  and  t o n o p l a s t  
b e c a m e  d i s r u p t e d  and  i n  t h e  c h l o r o p l a s t s  a n  i n c r e a s e  i n  
t h e  n u mb e r  a n d  s i z e  o f  t h e  p l a s t o g 1 o b u l i  was  f o u n d .
O t h e r  c h l o r o p l a s t s  s howe d  b r e a k d o w n  of  t h e  g r a n a  me mb r a n e s  
A d j a c e n t  t o  h y p h a l / c e l l  c o n t a c t s  w a l l  a p p o s i t i o n a l  
m a t e r i a l  was  l a i d  down b e t w e e n  t h e  c y t o p l a s m i c  r e m a i n s  
a n d  t h e  i n n e r  s u r f a c e  of  t h e  h o s t  c e l l  w a l l s .  The 
a p p o s i t i o n s  w e r e  c o m p o s e d  of  e l e c t r o n - d e n s e  d r o p l e t s ,  
v e s i c l e s  a nd  me mbr a ne  f r a g m e n t s  i n  an e l e c t r o n - l u c e n t  
g r o u n d  m a t e r i a l .  An u n u s u a l  f e a t u r e  of  t h e  f i n a l  s t a g e  
o f  n e c r o s i s  was  c o m p l e t e  h o s t  c e l l  c o l l a p s e  w i t h  l o o p s  
o f  f o l d e d  w a l l  t h o u g h  b r e a k s  w e r e  r a r e l y  s e e n .  L a r g e  
a m o u n t s  of  e x t r a c e l l u l a r  m a t e r i a l  was  a c c u m u l a t e d  i n  
a n d  o c c l u d e d  t h e  i n t e r c e l l u l a r  s p a c e s .  The n a t u r e  of  
t h e  m a t e r i a l  was  n o t  i d e n t i f i a b l e  b u t  i t  d i d  n o t  r e a c t  
w i t h  c a l l o s e  r e a g e n t s  and  was  i n t e r p r e t e d  a s  p r o b a b l y  
o f  p e c t i n  o r i g i n .
I n  S e p t o r  i a  l e a f  s p o t s  t h e r e  h a s  b e e n  l i t t l e  
u l t r a - s t r u c t u r a l  i n v e s t i g a t i o n ,  of  h o s t  c e l l  r e s p o n s e .
B i r d  & R i d e  ( 1 9 8 1 )  h a v e  s hown  t h a t  t h e  i n t e r c e l l u l a r  
m y c e l i u m  of  S .  n o d o r u m i n  w h e a t  i n d u c e s  c o l l a p s e  o f  t h e  
m e s o p h y l l  c e l l s  w i t h  d e g e n e r a t i o n  of  t h e  c y t o p l a s m .  
A s s o c i a t e d  w i t h  t h e  c o l l a p s e  was  e x t e n s i v e  l i g n i f i c a t i o n
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o f  t h e  d e g e n e r a t i n g  c y t o p l a s m  and  a c c u m u l a t i o n  of  e x t r a ­
c e l l u l a r  d e p o s i t s  a nd  i n  t h e  c e l l  w a l l s *  The  s a me  l i g n i n  
r e s p o n s e  c o u l d  h o w e v e r  be  i n d u c e d  by w o u n d i n g  a n d  
s u g g e s t s  t h a t  t h i s  r e s p o n s e  i s  c o m p a r i b l e  t o  t h e  wound 
r e s p o n s e  f o u n d  i n  many h o s t / p a t h o g e n  c o m b i n a t i o n s  a s  a 
r e s u l t  o f  m i c r o b i a l  p e n e t r a t i o n  and  r e s u l t a n t  m e c h a n i c a l  
d a m a g e  ( V a n c e  e t  a l  1 9 8 0 ) .  K a r j a l a i n e n  & L o u t m a a  ( 1 9 8 4 )  
h a v e  i n i t i a t e d  a f u r t h e r  s t u d y  of  5 .  n o d o r u m  on w h e a t  
a n d  t h e  w o r k  p u b l i s h e d  s o  f a r ,  h a s  o n l y  e x a m i n e d  t h e  
s t r u c t u r e  o f  s p o r e s ,  h y p h a ,  and  t h e  h o s t / h y p h a l  c o n t a c t  
s u r f a c e .  The  one  i l l u s t r a t i o n  t o  s how a h o s t  c e l l  
s h o w e d  t h a t  t h e  h o s t  p l a s m a  me mbr ane  a p p e a r e d  t o  f o r m  
a l a y e r  o f  i r r e g u l a r  t h i c k n e s s  s t i l l  i n  c o n t a c t  w i t h  
t h e  h o s t  c e l l  w a l l .
The  t w o  p i s t a c h i o  l e a f  s p o t s  b o t h  show some of  
t h e  n e c r o t r o p h i c  f e a t u r e s  s hown  by o t h e r  c o m b i n a t i o n s .  
B o t h  a r e  c h a r a c t e r i s e d  by l a c k  of  h o s t  s y n c h r o n y  and  
a d j a c e n t  c e l l s  s how m a s s i v e  d i s o r g a n i s a t i o n  i n  one  a nd  
a p p a r e n t l y  n o r m a l  c y t o p l a s m  i n  t h e  n e i g h b o u r i n g  c e l l .
I n  b o t h  t h e  p l a s m a l e m m a  a nd  t h e  t o n o p l a s t  s h o we d  s i g n s  
of  v é s i c u l a t i o n  a nd  i n f o l d i n g  w i t h  t h e  t o n o p l a s t  s h o w i n g  
mo r e  r e s p o n s e .  The m a j o r  d i f f e r e n c e  b e t w e e n  t h e  t w o  
s p o t s  wa s  t h e  m a s s i v e  a c c u m u l a t i o n  o f  e l e c t r o n - d e n s e  
d e p o s i t s  on t h e  v a c u o l a r  f a c e  of  t h e  t o n o p l a s t  i n  S .  
p i s t a c i n a  i n f e c t i o n s .
T h i s  i s  s i m i l a r  t o  t h e  d r o p l e t s  d e v e l o p e d  i n  
i n f e c t i o n s  o f  V i c i a  f a b a  b y  P s e u d o m o n a s  p h a s e d  i c o i ^ .
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I n o c u l a t i o n  o f  mon o f o l i a t e  l e a v e s  by t h e  b a c t e r i u m  l e d  
t o  t h e  f o r m a t i o n  o f  l e s i o n s  i n  t h e  t r i f o l i a t e  l e a v e s .
The  f i r s t  e f f e c t  of  i n f e c t i o n  was  an i n c r e a s e  i n  s t a r c h  
a n d  t h e  c h l o r o p l a s t s  b e c a me  v e r y  s w o l l e n .  T h e r e  was  an 
i n c r e a s e  i n  ER a nd  l a y e r s  w e r e  f o r m e d  i n  p a r a l l e l  t o  
t h e  h o s t  c e l l  w a l l .  T h r e e  m a j o r  v a c u o l a r  r e s p o n s e s  w e r e  
f o u n d :  a m o r p h o u s  m a t r i x  m a t e r i a l  a c c u m u l a t e d  i n  t h e
v a c u o l e ,  d e n s e l y  f i b r o u s  m a t r i x  m a t e r i a l  l i n e d  t h e  t o n o ­
p l a s t  m e m b r a n e ,  a n d  d e n s e  g l o b u l a r  c o a l e s c e n t  d r o p l e t s  
f o r m e d  on t h e  i n n e r  f a c e  of  t h e  t o n o p l a s t .  The i d e n t i t y  
o f  t h e s e  d e p o s i t s  was  c o n s i d e r e d  t o  be  p h e n o l i c  i n  
o r i g i n  t h o u g h  t h e  m a t e r i a l  d i d  n o t  r e a c t  w i t h  p h e n o l i c  
r e a g e n t s  ( L a l l y e t t  1 9 7 7 ) .  P .  p h a s e o l i c o l a  p r o d u c e s  a 
p h y t o t o x i n ,  p h a s e o t o x i n ,  a nd  t h e  e a r l y  r e s p o n s e s  i n  t h e  
t r i f o l i a t e  was  c o n s i d e r e d  t o  be e v i d e n c e  of  t o x i n  t r a n s ­
l o c a t i o n  f r o m  t h e  s i t e  of  i n o c u l a t i o n  a nd  p r i m a r y  l e s i o n  
f o r m a t i o n .
The  c h l o r o p l a s t  c h a n g e s  i n  b o t h  p i s t a c h i o  l e a f  
s p o t s  w e r e  o f  t h e  s ame t y p e  and  o r d e r  a s  o b s e r v e d  i n  
o t h e r  h o s t / p a t h o g e n  c o m b i n a t i o n s .  The i n c r e a s e  i n  s t a r c h  
c o n t e n t  was  d i f f i c u l t  t o  q u a n t i f y  s i n c e  t h e  a m o u n t s  
a p p e a r e d  t o  be  w i t h i n  t h e  n o r m a l  v a r i a t i o n  of  c o n t r o l  
t i s s u e .  The s ame  p r o b l e m  was  f o u n d  i n  C.  b e t i c o l a  on 
B e e t  ( S t e i n k a m p  e t  a l  1 9 8 1 a ) .  The i n c r e a s e  i n  p l a s t o -  
g l o b u l i  wa s  c l e a r l y  s e e n  a s  was  t h e  i n c r e a s e  i n  c h i o r o -  
p l a s t  s i z e .  The i n c r e a s e  a p p e a r e d  t o  be  d u e  t o  s e p a r a t i o n  
o f  g r a n a  me mb r a n e s  w i t h  a c o n c o m i t a n t  i n c r e a s e  i n  t h e  
a m o u n t  o f  m a t r i x  p l u s  t h e  s t a r c h  i n c r e a s e .
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No w a l l  a p p o s i t i o n s  w e r e  f o u n d  b u t  i n  some s e c t i o n s  
t h e  w a l l  a d j a c e n t  t o  a p o i n t  of  h y p h a l  c o n t a c t  c o u l d  be 
i n t e r p r e t e d  a s  h a v i n g  an  i r r e g u l a r  p r o f i l e ,  p a r t i c u l a r l y  
on t h e  i n n e r  f a c e ,  w h i c h  m i g h t  r e p r e s e n t  a s m a l l  d e p o s i t  
o f  m a t e r i a l .  The i n t e r c e l l u l a r  m a t e r i a l  i n  t h e  f o r m  of  
s m a l l  g r a n u l e s  w i t h i n  a l i m i t i n g  l a y e r  i s  s i m i l a r  t o  
t h a t  f o u n d  i n  o t h e r  c o m b i n a t i o n s .  I t  i s  u n l i k e l y  t o  be  
p e c t i c  o r  w a l l  m a t e r i a l  s i n c e  no m i d d l e  l a m e l l a  o r  w a l l  
d a m a g e  wa s  o b s e r v e d  a nd  i s  p r o b a b l y  p h e n o l i c  i n  o r i g i n .  
The  b l a c k e n i n g  o f  t h e  l e s i o n  s u g g e s t s  t h a t  p o l y p h e n o l  
o x i d a s e s  a r e  a c t i v e  i n  t h e  l e s i o n  a nd  some o f  t h e  
m a t e r i a l  m i g h t  a c c u m u l a t e  i n  t h e  i n t e r c e l l u l a r  s p a c e s .
I t  c o u l d  be  a s s u m e d  t h a t  t h e  c a p a c i t y  of  t h e  t w o  p a t h o ­
g e n s  t o  d e g r a d e  p e c t i n  i n  v i t r o  wo u l d  be  l i m i t e d  i f  n o t  
a b s e n t .  I n  n e c r o t i c  p a t h o g e n s  i n  w h i c h  m i d d l e  l a m e l l a  
b r e a k d o w n  i s  f o u n d ,  p e c t o l y t i c  a c t i v i t y  i s  u s u a l l y  h i g h  
( Wood 1967 ) .  A c o m p a r a t i v e  s t u d y  of  p o l y p h e n o l
o x i d a s e  a c t i v i t y  i n  v i v o  a nd  i n  v i t r o  o f  t h e  t w o  S e p t o r i a  
s p p  m i g h t  r e v e a l  d i f f e r e n c e s  i n  p h e n o l i c  p r o c e s s i n g  
w h i c h  c o u l d  a c c o u n t  f o r  d i f f e r e n c e s  i n  t o n o p l a s t  d r o p l e t  
a c c u m u l a t i o n  a n d  i n t e r c e l l u l a r  d e p o s i t s .
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6 . 1 4 .  The  u l t r a s t r u c t u r a l  c h a n g e s  i n  n e c r o t i c  d i s e a s e s  
i n  w h i c h  p e c t i n  a nd  c e l l  d e g r a d i n g  p o l y s a c c h a r i d a s e s  
a r e  i n v o l v e d  h a v e  a d i f f e r e n t  a s p e c t  t o  t h o s e  i n  w h i c h  
no  a p p a r e n t  h o s t  c e l l  w a l l  r e s p o n s e s  a r e  f o u n d .  The 
n e c r o t i c  l e s i o n  d u e  t o  c e l l  d e a t h  a nd  p o s s i b l e  c o l l a p s e  
mu s t  be  r e l a t e d  t o  s ome o t h e r  f e a t u r e  o f  p a t h o g e n  m e t a ­
b o l i s m  a n d  i n  many i n s t a n c e s  a p h y t o t o x i n  i s  i n v o l v e d .
The  m o l e c u l e s  o f  p h y t o t o x i n  c a n  e i t h e r  be  r e q u i r e d  f o r  
p a t h o g e n i c i t y  i . e .  an  a b i l i t y  t o  c a u s e  d i s e a s e  ( q u a l i t a ­
t i v e ) ,  o r  f o r  v i r u l e n c e  i . e .  t h e  a mo u n t  of  d i s e a s e  
( q u a n t i t a t i v e )  ( Y o d e r  1 9 8 0 ) .
T o x i n s  c a n  be g r o u p e d  i n t o  t h r e e  c l a s s e s :  ( i )  h o s t  
s p e c i f i c  t o x i n s  ( H S T ) ;  ( i i )  s e l e c t i v e  t o x i n s  ( S T ) ;  ( i i i )  
n o n - s p e c i f i c  t o x i n s  ( NST ) .  HST h a v e  h i g h  b i o l o g i c a l  
a c t i v i t y  t o  t h e  s p e c i f i c  h o s t  w h e r e a s  NST h a v e  a n  e f f e c t  on 
p l a n t s  i n  g e n e r a l .
E x a m p l e s  o f  HST a r e  f o u n d  i n  t h e  A l t e r n a r  i a
a l t e r n a t a  c o m p l e x  of  s i x  p a t h o t y p e s  ( N i s h i m a r a  & Kohmot o
1 9 8 3 ) .  E a c h  p a t h o t y p e  p r o d u c e s  a u n i q u e  p h y t o t o x i n
w h i c h  i s  a c t i v e  o n l y  a g a i n s t  t h e  p r e c i s e  h o s t .  AM t o x i n
p r o d u c e d  i n  b l o t c h  of  a p p l e  w i l l  n o t  a f f e c t  t o m a t o .
AL t o x i m  p r o d u c e d  i n  t o m a t o  s t e m  c a n k e r  w i l l  n o t  a f f e c t
a p p l e .  The  HST a r e  p r o d u c e d  i n  c u l t u r e s  a n d  c a n  be
i s o l a t e d  a s  p u r e  s u b s t a n c e s .  AM i s  a c y c l i c  d e p s i p e p t i d e
— 8
w i t h  s y m p t o m  i n d u c t i o n  i n  c o n c e n t r a t i o n s  a s  l ow a s  10 M.
AL i s  a l o n g  c h a i n  m o l e c u l e  w i t h  2 e s t e r  s i d e  c h a i n s
on a n d  a nd  a c t i v i t y  i s  s hown a t  25 n g / m l .
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As w e l l  a s  HST p r o d u c t i o n  s e v e r a l  NST a r e  p r o d u c e d :  
a l c e r n a r i o l ,  a p o l y k e t i d e  p y r o n e ;  t e n t o x i n ,  a c y c l o -  
p e p t i d e .  The  f o r m e r  c a u s e  n e c r o s i s  and  c h l o r o s i s ,  t h e  
l a t t e r ,  c h l o r o s i s  on s e v e r a l  p l a n t  s p e c i e s .  T e n t o x i n  c a n  
e a s i l y  be  p r o d u c e d  i n  h i g h  y i e l d s  ( 5 0  mg / 1 )  i n  f e r m e n t e r  
c u l t u r e  ( L i e b e r m a n  & O e r t e l  1 9 8 3 ) .  An NST t e n u a z o n i c  
a c i d  p r o d u c e d  by A . a I t e r  n a t  a i s  a l s o  p r o d u c e d  by o t h e r  
p h y t o p a t h o g e n s ,  Phoma s o r q h i  and  P y r i c u l a r i a  o r y z a e  
( I w a s a k i  e t  a l  1 9 7 2 ) .  The b i o l o g i c a l  a c t i v i t y  o f  Ca + + 
t e n u a o n a t e s  a r e  r e s p o n s i b l e  f o r  a c u t e  h a e m o t o l o g i c  
d i s o r d e r s  i n  p e o p l e  e a t i n g  s o r g h u m  i n f e c t e d  w i t h  P .  s o r g h i  
( S t e y n  & R a b i e  1 9 7 6 ) .  The b r own  r o t  p a t h o g e n s  a l s o  
p r o d u c e  NST e . g .  m o n i l i d i o l ,  an  o c t a k e t i d e  p r o d u c e d  by 
M f r u t i c o l a  ( S u g i y a m a  e t  a l  1 9 8 3 ) .
S e v e r a l  n e c r o t i c  d i s e a s e s  o f  g r a m i n a c e o u s  h o s t s  h a v e  
b e e n  s h o w n  t o  p r o d u c e  HST.  S p e c i e s  of  H e l m i n t h o s p o r i u m  
i n v o l v e d  a r e  H.  v i c t o r i a e  on o a t s ,  H.  c a r b o n u m  on m a i z e ,
H.  m a y d i s  on m a i z e ,  H.  s a c c h a r i  on s u g a r  c a n e  a nd  
P e r i c o n i a  c i r c i n a t a  on s o r g h u m  (Yod r  1 9 8 0 ) .  S y n t h e s i s  o f  
t h e  H.  m a y d i s  t o x i n  h a s  s hown t h a t  a n a l o g s  a r e  a s
a c t i v e  a s  t h e  n a t u r a l  p r o d u c t ,  s h o r t e r  c h a i n s  a r e  l e s s  
e f f e c t i v e  ( S u z u k i  e t  a l ,  1 9 8 3 ) .
I t  h a s  b e e n  d e m o n s t r a t e d  t h a t  t h e  t o x i n s ,  b o t h  HST 
a n d  NST,  i n d u c e  e l e c t r o l y t e  l e a k a g e  and  d i s r u p t  c t y o -  
m e m b r a n e s  i . e .  c o n s e q u e n c e s  of  a l t e r e d  me mbr a ne  p e r m e a ­
b i l i t y  a n d  a l s o  a l t e r  me mbr ane  b i o e l e c t r i c  p r o p e r t i e s .
P a r k  e t  a l  ( 1 9 7 7 )  a t t e m p t e d  t o  c o r r e l a t e  c h a n g e s  i n
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p e r m e a b i l i t y  of  a p p l e  t i s s u e  i n f e c t e d  w i t h  A.  a l t e r n a t
( a p p l e  p a t h o t y p e )  w i t h  c h a n g e s  i n  u l t r a s t r u c t u r e .  The 
p r i m a r y  e f f e c t  o f  t h e  t o x i n  was  t o  c a u s e  i n v a g i n a t i o n  of  
p l a s m a  m e m b r a n e s  a n d  e x t e n s i o n  o f  t h e  d e s m o t u b u l e s  f r o m  
p l a s m o d e s m a t a  ; s u b s e q u e n t  v é s i c u l a t i o n  a nd  f r a g m e n t a t i o n
y
of  m e m b r a n e s  o c c u i / e d ,  C h l o r o p l a s t s  w e r e  a l s o  i n v o l v e d  
i n  t h e  r e a c t i o n  a n d  a p p e a r e d  t o  be  a p o s i t i v e  c o r r e l a t e  
w i t h  a c t i v i t y .  A p p l e  p e t a l s  s h o we d  no  n e c r o s i s  b u t  a p p l e  
l e a v e s  b e c a m e  n e c r o t i c  on t r e a t m e n t  w i t h  t h e  t o x i n ,  and  
c h l o r o p h y l l  l e v e l s  w e r e  r e d u c e d  i n  s u c c e p t i b l e  b u t  n o t  
i n  r e s i s t a n t  l e a v e s .  I n  a d d i t i o n ,  c e l l  w a l l  d e g r a d a t i o n  
was  o b s e r v e d  i n  b o t h  a p p l e  w i t h  AW t o x i n  and  p e a r  w i t h  
AK t o x i n .  The c h a n g e s  i n  c h l o r o p l a s t  s t r u c t u r e  w e r e  
f u r t h e r  e x a m i n e d  ( P a r k  e t  a l  1 9 8 1 )  and  a f t e r  1 h o u r  of  
t r e a t m e n t  d i s r u p t e d  me mbr a ne  m a t e r i a l  d e r i v e d  f r o m  t h e  
g r a n a  w e r e  f o u n d  w i t h i n  t h e  s w o l l e m  c h l o r o p l a s t s .  The 
c h a n g e s  i n c r e a s e d  up t o  12 h o u r s  of  t r e a t m e n t .
The  r a p i d  o n s e t  o f  s y mp t o ms  s i m i l a r  t o  t h e  n e c r o s i s  
o b s e r v e d  o v e r  s e v e r a l  d a y s  i n  f u n g a l  i n f e c t e d  t i s s u e  i s  
a t y p i c a l  r e s u l t  o f  s u b s t i t u t i n g  t o x i n  i n  p l a c e  o f  t h e  
h o s t / p a t h o g e n  i n t e r a c t i o n  i . e .  a s h o r t e n i n g  o f  t h e  
r e s p o n s e  t i m e  f r o m  d a y s  t o  h o u r s .  The d i s e a s e  s y n d r o m e  
h o w e v e r  may be  t h e  t o t a l  i n t e r a c t i v e  e f f e c t  of  a l l  t h e  
HST a n d  NST p r o d u c e d  i n  v i v o  a s  w e l l  a s  h o s t  r é p o n s e  t o  
t h e  o t h e r  m e t a b o l i c  a c t i v i t i e s  a nd  d e ma n d s  o f  t h e  p a t h o g e n  
The  a d v a n t a g e  o f  u s i n g  t o x i n s  i n  p r e c i s e  q u a n t i t i e s  e i t h e r  
s i n g l y  o r  i n  m i x t u r e s  t o  d e s c r i b e  t h e  n e c r o t i c  p r o c e s s  
m i g h t  h e l p  m o d e l  t h e  h o s t / p a t h o g e n  i n t e r a c t i o n  a n d  e s t a b ­
l i s h  s o me  q u a n t i t a t i v e  m e a s u r e s  o f  t h e  a m o u n t s  o f  t o x i n
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s e c r e t e d  i n  v i v o .
The  p r o d u c t i o n  of  t o x i n  by H.  s a c c h a r u m  l e a d s  t o  a 
r u n n e r  o r  s t r e a k  of  n e c r o t i c  t i s s u e  b e i n g  f o r m e d  away 
f r o m  t h e  s i t e  of  m y c e l i a l  i n f e c t i o n .  T h i s  s t r e a k  i s  a l s o  
t y p i c a l  o f  H.  m a y d i s  b l i g h t  of  m a i z e .  The a d d i t i o n  o f  
t h e  t o x i n ,  h e I m i n t h o s p o r o c i d e , a B g a l a c t o f u r a n o c i d e  of  
a s e s q u i - t e r p e n o i d , t o  s u g a r  c a n e  l e a v e s  mi m i c k e d  t h e  
d i s e a s e  s y n d r o m e .  The f i r s t  s i g n s  of  c h l o r o p l a s t  me mbr a ne  
r e s p o n s e  was  o b s e r v e d  a f t e r  1 h o u r  a f t e r  a d d i t i o n  o f  t h e  
t o x i n .  The  g r a n a l  me mb r a n e s  d i s a s s o c i a t e d  and  l o s t  
i d e n t i t y ,  t h e i r  p o s i t i o n  b e i n g  f i l l e d  w i t h  an e l e c t r o n -  
d e n s e  d e p o s i t  o f  d i s o r g a n i s e d  membr ane  and  t h e  w h o l e  
c h l o r o p l a s t  s w e l l e d .  Bo t h  t h e  b u n d l e  s h e a t h  a nd  m e s o ­
p h y l l  c h l o r o p l a s t s  s h o we d  l a m e l l a r  d i s o r g a n i s a t i o n .  A f t e r  
t w e l v e  h o u r s  t h e  p l a s m a l e m m a  was  s e p a r a t e d  f r o m  t h e  c e l l  
w a l l .  T h e s e  s y m p t o m s  w e r e  t h e  same a s  t h o s e  i n d u c e d  a f t e r  
t h r e e  w e e k s  by t h e  p a t h o g e n  ( S t r o b e l  e t  a l  1 9 7 2 ) .  The 
s y m p t o m s  i n d u c e d  i n  b a r l e y  by t o x i n s  f r o m  H e l m i n t h o s p o r i u m  
t e r e s  s h o w e d  s i m i l a r  e f f e c t s  b u t  t h e  p l a s t o g l o b u l i  
i n c r e a s e d  i n  n u mb e r  and  s i z e  and  s t a r c h  i n c r e a s e d  
( B a r r a u l t  e t  a l  1 9 8 2 ) .
The  mo s t  d e t a i l e d  s t u d y  of  an HST n e c r o s i s  was  of  
t h e  e f f e c t s  of  PC t o x i n  f r o m  P .  c i r c i n a t a  on r o o t  t i p s  of  
s o r g h u m  s e e d l i n g s  ( A r i a s  e t  a i  1 9 8 3 a ) .  An a n a l y s i s  was  
made o f  me mb r a n e  c h a n g e s  by a m o r p h o m e t r i c  t e c h n i q u e  u s i n g  
a s e t  o f  s e r i a l  s e c t i o n s  t h r o u g h  3 - 4  r o o t  c a p  c e i l s  a nd  
m e a s u r i n g  t h e  a m o u n t  of  me mbr a ne  and  nu mb e r  of  o r g a n e l l e s  
i n  1 0 0  u m^ .  The  t e c h n i q u e  a l l o w e d  a q u a n t i t a t i v e
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e s t i m a t e  t o  be  a c c u r a t e l y  made and a l l o w e d  e s t i m a t e s  of  
c h a n g e s  i n d u c e d  by b r i e f  ( 0 . 2 5  h r )  t o x i n  t r e a t m e n t s  
( A r i a s  e t  a l  1 9 8 3 b ) .  The f e a t u r e  of  h o s t  c e l l  r e s p o n s e  
was  a r a p i d  d e c l i n e  o f  s e c r e t o r y  a c t i v i t y  and  a c c u m u ­
l a t i o n  of  m a t e r i a l  b e t w e e n  t h e  p l a s ma l e mma  and t h e  c e l l  
w a l l .  L o n g e r  t r e a t m e n t  (2 h r s )  l e d  t o  i n c r e a s e d  v a c u o l -  
a t i o n ,  l o s s  o f  s t a r c h ,  i n c r e a s e d  number  of  l i p i d  b o d i e s  
a nd  s t a c k e d  e n d o p l a s m i c  r e t i c u l u m .  The m i t o c h o n d r i a l  
m e m b r a n e s  r e m a i n e d  n o r m a l  b u t  t h e  t o n o p l a s t  d e v e l o p e d  
l e s i o n s  b e f o r e  a u t o l y s i s .  The t o n o p l a s t  s howe d  t e a r s  
w i t h  KMnO^ f i x a t i o n  b u t  n o t  w i t h  g l u t a r a l d e h y d e / K M n O ^  
f i x a t i o n .  T h o u g h  t h i s  c o u l d  be r e g a r d e d  a s  a f i x a t i o n  
a r t e f a c t  i t  a l s o  r e v e a l s  an e s s e n t i a l  t o n o p l a s t  w e a k n e s s  
and  f i x a t i o n  o n l y  w i t h  g l u t a r a l d e h y d e / K M n O ^  wo u l d  n o t  
r e v e a l  s u c h  a w e a k n e s s .
The  u s e  o f  t h e  m o r p h o m e t r i c  t e c h n i q u e  wo u l d  a l l o w  
a c c u r a t e  c o m p a r i s o n s  t o  be ma de ,  w h e r e a s  c o m p a r i s o n s  
made on n o n - s e r i a l  s e c t i o n s  wou l d  a l l o w  a c c u r a t e  c o m p a r ­
i s o n  o n l y  f o r  f e a t u r e s  s h o wi n g  p r e s e n c e  or  a b s e n c e .
The  NST,  c e r c o s p o r i p  ( B a y l i s  & P a y n e  1 9 7 1 )  a 
p e r y l e n e  q u i n o n e ,  p r o d u c e d  by C . b e t i c o l a , r e p r o d u c e d  
mos t  o f  t h e  n e c r o t i c  s ympt oms  c u a s e d  by t h e  f u n g u s  e x c e p t  
t h a t  t h e r e  w e r e  no e l e c t r o n - d e n s e  b o d i e s  i n  t h e  v a c u o l e s ,  
t h e  n e c r o t i c  r e m n a n t s  l a c k e d  a w e l l - d e f i n e d  b o u n d a r y  z o n e  
and  t h e  p l a s t o g l o b u l i  d i d  n o t  i n c r e a s e  i n  s i z e  o r  numbe r  
( S t e i n k a m p  e t  a l  1 9 8 1 b ) .
I n  t h e  g e n u s  S e p t o r l a  o n e  NST n e l l e i n  ( o c h r a s i n )
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h a s  b e e n  i d e n t i f i e d  a s  d i  h y d r o - 3 ,  4 h y d r o x y  8 - m e t h y l - 3 -  
i s o c o u m a r i n  a n d  h a s  b e e n  i s o l a t e d  f r o m c u l t u r e s  of  S .  
n o d o r u m  ( K e n t  & S t r o b e l  1 9 7 6 ) .  A c t i v i t y  h a s  b e e n  shown 
a g a i n s t  m i t o t i c  i n d e x  and  ' S '  p h a s e  l a b e l l i n g  i n  r o o t  t i p  
c e l l s  o f  w h e a t  ( E s s a d  & B o u s q u e t  19 8 1 )  t o  r e d u c e  n e t  
a s s i m i l a t i o n  o f  CO^ a n d  i n c r e a s e  s t o m a t a l  r e s i s t a n c e  
( B e t h e n o d  e t  a l  1 9 8 2 )  and  a l s o  t o  be p o s i t i v e l y  c o r r e l a t e d  
w i t h  a g g r e s s i v e n e s s  i n  v a r i o u s  i s o l a t e s  o f  S .  n o d o r u m 
( G r i f f i t h s  & Ao 1 9 8 0 ) .
No a t t e m p t  h a s  b e e n  made i n  t h i s  s t u d y  t o  e x p l o r e  
t h e  p o s s i b l e  i n v o l v e m e n t  of  e i t h e r  an HST or  NST i n  
S e p t  o r  i a  l e a f  s p o t s  of  p i s t a c h i o ,  b u t  t h e  h i s t o p a t h o l o g y  
s u g g e s t s  t h a t  t h e s e  d i s e a s e s  c o n f o r m  t o  t h e  g e n e r a l  
p a t t e r n  o f  t o x i n  i n d u c e d  h o s t  r e s p o n s e s  and  t h a t  t wo  
d i f f e r e n t  t o x i n s  m i g h t  be i n v o l v e d .  An i n v e s t i g a t i o n  t o  
e x p l o r e  w h e t h e r  p h y t o t o x i c  s u b s t a n c e s  a r e  p r o d u c e d  by t h e  
p i s t a c h i o  S e p t o r i a  s p p ,  and  o t h e r  S e p t o r i a s  wo u l d  a l l o w  
c o m p a r i s o n  w i t h  t h e  p r o d u c t i o n  of  m e l l e i n  by S » n odo r um 
t o  be  m a d e .  I n  C e r c o s p o r a , a l a r g e  g e n u s  of  p h y t o p a t h o ­
g e n s  c o m p a r a b l e  t o  S e p t  or  i a , s e v e r a l  s p e c i e s  o f  t h e  1200  
d e s c r i b e d  s p e c i e s  h a v e  b e e n  e x a m i n e d  f o r  o e r c o s p o r i n  
p r o d u c t i o n .  Some s p e c i e s  do n o t  p r o d u c e  c e r c o s p o r i r )  
u n d e r  t h e  c o n d i t i o n s  of  c u l t u r e  u s e d  and  i n  o t h e r s  d i f f e r -  
e n t  s t r a i n s  s how l a r g e ,  s m a l l  o r  z e r o  a m o u n t s  ( S t e i n K a m p  
e t  a l  u n p u b l i s h e d ) .  I f  a s i m i l a r  s i t u a t i o n  e x i s t s  i n  
S e p t o r i a  t h e  u s e  of  t o x i n  p r o d u c t i o n  a s  a p o s s i b l e  
t a x o n ^ i c  t o o l  may be of  some u s e ,  b u t  i f  s t r a i n  v a r i a t i o n  
i s  g r e a t  i t s  u t i l i t y  may be r e d u c e d .
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V a r i a t i o n  i n  t h e  g e n u s  S e p t o r l a  h a s  b e e n  s hown o n l y  
i n  S .  n o d o r u m , i n  w h i c h  e a c h  c o m p a r t m e n t  of  t h e  c o n i d i u m  
i s  u n i n u c l e a t e  a n d  i s  d e r i v e d  f r o m  a u n i n u c l e a t e  c o n i d -  
i o g e n o u s  c e l l  ( Shaw 1 9 5 3 ) .  V a r i a t i o n  i n  p a t h o g e n i c i t y  
a n d  c u l t u r a l  c h a r a c t e r i s t i c s  h a s  b e e n  shown b e t w e e n  
s i n g l e  s p o r e  i s o l a t e s  f r o m  t h e  same p y c n i d i u m  and  b e t w e e n  
a s e t  o f  s e r i a l  s i n g l e  s p o r e  i s o l a t e s  d e r i v e d  f r o m  a 
c u l t u r e  i n i t i a t e d  by a s i n g l e  s p o r e  ( S c h a r e n  & K r u p i n s k y  
1 9 7 0 ) .  G r i f f i t h s  & Ao ( 1 9 8 0 )  showed t h a t  s e r i a l  s i n g l e  
s p o r e  i s o l a t e s  g a i n e d  s t a b i l i t y  i n c u l t u r a l  c h a r a c t e r s  
by t h e  f o u r t h  s e r i a l  t r a n s f e r  b u t  p a t h o g e n i c i t y  s howe d  
c o n s i d e r a b l e  v a r i a t i o n  up t o  s i x  t r a n s f e r s .  The 
m e c h a n i s m ,  o t h e r  t h a n  m u t a t i o n  of  e i t h e r  g e n e t i c  or  
c y t o p l a s m  l o c i ,  w h e r e b y  c u l t u r e  d e r i v e d  f r o m a s i n g l e  
h a p l o i d  n u c l e u s  s how s u c h  ma j o r  v a r i a t i o n  h a s  n o t  b e e n  
e l u e  i d a t e d .
6 . 15 .  The  f o r m a t i o n  of  t h e  p y c n i d i a  w i t h i n  t h e  l e s i o n s  
c u j a s e d  by S . p i s t a c  i a r  um a p p e a r s  t o  be i n i t i a t e d  by s u b -  
s t o m a t a l  b y p h a e .  Many p a t h o g e n s  i n i t i a t e  s p o r e  p r o d u c t i o n  
i n  s u c h  a p o s i t i o n .  I n  t h e  r u s t s  t h e  u r e d i n i a l  s t r o m a  
f o r m s  i n  a s u b - s t o m a t a l  p o s i t i o n ;  w h e t h e r  t h e  r e s u l t a n t  
o u t p u t  i s  c o n f i n e d  t o  a f ew s u p r a s t o m a t a l  h y p h a e  a s  i n
H. v a s t r i x  t o  t h e  l a r g e  s u b - e p i d e r m a l  s o r i  of  P .  
g r a m i n i s  ( Mc Ca i n  and  Hennen  1 9 8 4 ) .  A s i m i l a r  s u b - s t o m a t a l  
s t r o m a  d e v e l o p s  i n  C e r c o s p o r a  z e a - m a y d i s  i n  ma i z e  l e a v e s  
a nd  i n  o t h e r  C e r c o s p o r a  s p p .  (Beckman & P a y n e  1 9 8 2 ) .  I n  
S e p t o r i a  s u b - s t o m a t a l  h ypha  a r e  p r o d u c e d  wh i c h  p e n e t r a t e
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t h e  s t o m a t a l  a p e r t u r e  and  f o r m  a t u f t  of  e x t e r n a l  h y p h a e  
w h i c h  p r e s u m a b l y  ma r k s  t h e  s i t e  of  p y c n i d i a l  i n i t i a t i o n .  
Many S p h a e r o p s i d a l e a n  f u n g i  f o r m  p y c n i d i a l  i n i t i a l s  i n  
t h e  s u b - s t o m a t a  s p a c e s  ( Z e y e n  & S h e a r e r  1974)  and  
P u n i t h a l i n g a m  ( 1 9 6 6 )  d e m o n s t r a t e d  t h i s  mode of  f o r m a t i o n  
i n  f o u r  s p e c i e s  S .  c h r y s a n t h e m e l l a . S .  o b e s a , S.  l e u c a n -  
t h e m i  a n d  S . s o c i a . A l l  s p e c i e s  f o r me d  p y c n i d i a  by 
m e r i s t o g e n o u s  g r o w t h ,  i . e .  r e p e a t e d  d i v i s i o n  and  g r o w t h  
of  a d j a c e n t  c e l l s  of  a s i n g l e  h y p h a .  The s m a l l  k n o t  of  
h y p h a e  s o  f o r m e d  e n l a r g e  i n t o  m u l t i c e l l u l a r  g l o b o s e  
s o l i d  s t r u c t u r e .  The o u t e r  l a y e r s  become  t h i c k e n e d  and 
m e l a n i s e d ,  A p y c n i d i a l  c a v i t y ,  o s t i o l e ,  and p y c n i d i o -  
s p o r e  a r e  t h e n  f o r m e d .  The p y c n i d i a  of  S .  a v e n a e  and 
S .  n o d o r u m  ( Z e y e n  & S t e y n  1974)  wer e  p r e p a r e d  by va c uum 
i n f i l t r a t i o n  w i t h  w a t e r  and Tween 80 t o  r e mo v e  t h e  m u c i l ­
a g e  i n  w h i c h  t h e  s p o r e  mass  i s  embedded  w i t h i n  t h e  p y c n i ­
d i u m .  TEM s e c t i o n s  of  a m a t u r e  p y c n i d i u m  s howed t h a t  
a p p r o x i m a t e l y  4 0 - 5 0 % of  t h e  c a v i t y  i s  f i l l e d  w i t h  m u c i l a g e  
i n  w h i c h  t h e  s p o r e s  w e r e  e mb e d d e d .  R e s i n  embedded  
m a t e r i a l  was  s e c t i o n e d  and  p r e p a r e d  f o r  SEM o b s e r v a t i o n  
and  t h e  j m e t h o d  r e v e a l e d  c l e a r  d e t a i l s  of  t h e  f o r m of  t h e  
p y c n i d i a l  c a v i t y .  The s p o r e  c i r r h u s  was r e mo v e d  f r o m t h e  
l e a f  s u r f a c e  by t h i s  t r e a t m e n t .  The c r i t i c a l  p o i n t  d r y i n g  
t e c h n i q u e s  f o r  SEM p r e p a r a t i o n  u s e d  i n  t h e  p r e s e n t  s t u d y  
w o u l d  u n d o u b t e d l y  l e a d  t o  t h e  p r o d u c t i o n  of  a r t e f a c t s .
I n  a n  e x t e n s i v e  i n v e s t i g a t i o n  of  p r e p a r a t i v e  t e c h n i q u e s  
f o r  t h e  e x a m i n a t i o n  of  t h e  e x t e r n a l  mo r p h o l o g y  of  f u n g a l  
m a t e r i a l  w i t h  t h e  SEM Read & B e c k e t t  ( 1 9 8 3 )  s u g g e s t  t h a t  
t h e  e x a m i n a t i o n  s h o u l d  be c o n d u c t e d  u s i n g  s e v e r a l  t e c h n i q u e s
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w i t h  s a m p l e s  i n  t h e  f r o z e n - h y d r a t e d  (FH) s t a t e  b e i n g  u s e d  
a s  a b a s e  l i n e .  P a r t i c u l a r  p r o b l e m s  e x i s t  h e w e v e r  w h e r e  
m u c i l a g e  i s  i n v o l v e d  i n  t h e  s t r u c t u r e .
6 o16. ‘ ' VO m a j o r  l i n e s  of  i n v e s t i g a t i o n  e m e r g e :  ( i )  t h e  
b e h a v i o u r  of  t h e  s p o r e  a x i s  d u r i n g  g e r m i n a t i o n  i n  o t h e r  
S e p t o r  i a  s p p  GI e v e n t s ;  c o u p l e d  w i t h  a s t u d y  of  t h e  
f a c t o r s  w h i c h  g o v e r n  l a t e r a l  p r o d u c t i o n ;  GI I  e v e n t s .  
P r e l i m i n a r y  e x p e r i m e n t s  on c e l l  c y c l e  e v e n t s  d u r i n g  t h e  
f i r s t  r o u n d  of  a x i s  d i v i s i o n  h a ve  i n v o l v e d  t h e  u s e  of  
h y d r o x y  u r e a  (HU) t o  b l o c k  DMA s y n t h e s i s  ( T i ms o n  1975 )  
a nd  b e n o m y l  t o  b l o c k  t u b u l i n  f o r m a t i o n  d u r i n g  m i t o s i s  and  
p r e v e n t  n u c l e a r  d i v i s i o n  a f t e r  t h e  5 p h a s e  ( H a s s a l l  1 9 8 2 ) .  
The r e s u l t s  s u g g e s t  t h a t  c e l l  g r o w t h  i s  c o u p l e d  t o  DNA 
l e v e l s  t o  m a i n t a i n  a c o n s t a n t  n u c l e o / c y t o p l a s m i c  r a t i o  
and  c e l l  g r o w t h  i s  i n h i b i t e d  by HU, w i t h  b e n o m y l ,  a t  
c o n c e n t r a t i o n s  w h i c h  p r e v e n t  c o l o n y  f o r m a t i o n ,  c e l l  
e n l a r g e m e n t  o c c u r s ,  b u t  c e l l  s e p t a t i o n  i s  r e s t r i c t e d  t o  
a f e w  c e l l s  i n  w h i c h  an a s y m m e t r i c a l  s e p t u m  i s  i n s e r t e d .  
W h e t h e r  t h e  s m a l l  c o m p a r t m e n t  i s  n u c l e a t e d  h a s  n o t  y e t  
b e e n  d e t e r m i n e d .
( i i ) a )  t h e  e x a m i n a t i o n  of  S .  p i s t a c i a r u m  a nd  S .  
p i s t a c  i n a  t o  d e t e r m i n e  w h e t h e r  p h y t o t o x i n s  c a n  be  i s o l a t e d  
f r o m  t h e  n e c r o t i c  l e s i o n s  and  w h e t h e r  t h e y  c a n  be  p r o d u c e d  
i n  v i t r o . I t  i s  p o s t u l a t e d  t h a t  t h e r e  a r e  d i f f e r e n t  
t o x i n s  p r e s e n t  i n  e a c h  s p e c i e s ,  b a s e d  on d i f f e r e n c e s  i n  
u l t r a s t r u c t u r e  r e s p o n s e  shown by t h e  h o s t .
b )  c o u p l e d  w i t h  ( i i ) a  a n  i n v e s t i g a t i o n  o f  v a r i a t i o n  
w i t h i n  t h e  t w o  s p e c i e s  i n  t e r m s  o f  p a t h o g e n i c i t y  t o  
v a r i o u s  c u l t i v a r s  o f  P .  v e r a  s h o u l d  b e  u n d e r t a k e n .
273
S e l e c t i o n  of  P . v e r a  c u l t i v a r s  h a s ,  s o  f a r ,  b e e n  c o n f i n e d  
t o  v a r i a t i o n  i n  n u t  s i z e  a n d  q u a l i t y .  I t  i s  u n l i k e l y  
t h a t  s u s c e p t i b i l i t y  t o  t h e  p a t h o g e n s  i s  c o r r e l a t e d  w i t h  
n u t  t y p e  and  v a r i a t i o n  of  t h e  h o s t  w i t h i n  a c u l t i v a r  
i s  p o s s i b l e .  R e d u c e d  s u s c e p t i b i l i t y  i s  s hown  by w i l d  
s p e c i e s  ( Maas  e t  a l  1 9 7 1 ) .  P a t h o t y p e s  o f  S e p t o r i a  on 
p i s t a c h i o  s h o u l d  be s o u g h t  f r o m  t h e  m a j o r  g r o w i n g  a r e a s  
i n  b o t h  t h e  Ol d and  New W o r l d s .
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